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PSYCHOPHYSIOLOGICAL EFFECTS OF AGING - DEVELOPING A FUNCTIONAL AGE
INDEX FOR PILOTS: II. TAXONOMY OF PSYCHOLOGICAL FACTORS

I. Introduction.

In an earlier report concerning age and the aviator, a survey was given
about selected material on psychological variables and physiological func-
tions pertinent to the development of a psychophysiological age index for
pilots (40). Special emphasis was placed on studies concerning the effect of
age on sensory, perceptual, mental, and neurophysiological functions and
processes, and on certain personality traits and behavioral characteristics
which seem to be related to the abilities and skills of operators of complex
man-machine systems. It was concluded that although standardized tests and
quantitative criterion measures are available for assessing such skills, they
have not been used sufficiently or even considered as adequate or appropriate
for substituting functional age for chronological age. In the area of behav-
ioral sciences, investigations have shown that there is a definite correlation
between test performance and chronological age, and that there are individuals
who deviate from the established age-related performance curves. But no
attempt has been made yet to determine the age-related performance decrement
of the individual pilot, and to integrate the age-related deficit of the
various functions into an index that could be used for terminating an
aviator's career.

In the area of medical statistics, data are available which indicate loss
of vital functions due to aging. A recent descriptive study of medical
disqualifications and deaths in pilots of a major U.S. airline revealed that
above the age of 45 years the rate of cardiovascular disqualifications
increased from 5.2 cases per 1,000 man-years in the 45-49 year age group, to
12.7 in the 50-54 year group, and to 29.3 in the 55-59 year group (60). There
was also an increasing death rate for the last two age groups. However, there
are no scientific data available at this time which would show the rate of
non-medical performance loss of aviators in the higher age brackets.

Thus, in the framework of this study project, we are now looking for infor-
mation concerning the psychological and psychophysiological attributes,
processes, and factors which (1) are associated with or constitute pilot
performance, (ii) are age-related, and, (iii) in particular, may compromise
proficiency of an aviator to the extent that he becomes subject to increased
risk of an accident (50). It has been pointed out before that the process of
aging is characterized by a progressive deterioration of psychological and
physiological functions. Aging thus degrades performance and threatens
proficiency. For the sake of clarity it must be mentioned that performance
refers to the execution or action of a more or less specific function
required of a pilot. Proficiency, however, relates to the integration of




a multitude of functions and is thought to be a desired, or even essential,
quality of a safe pilot. The primary objective of the present report is to
determine the psychological factors that underlie, constitute, and make up

that complex phenomenon which is called pilot proficiency.

II. Regulatory Issues.

On December 1, 1959, the Federal Aviation Agency (FAA) issued Civil Air
Regulations Amendments 40-22, 41-29, and 42-24 concerning maximum age
limitations for pilots (88). It was pointed out in these documents that the
number of active airline pilots age 60 and over had been increasing signifi-
cantly during the past years and would continue to increase substantially
during the years to come. In the absence of an age limit, this process would
have led to a high percentage of older pilots; and these people would have
been assigned to fly the newest, largest, fastest, and most sophisticated
aircraft, carrying increasing numbers of passengers over the largest
distances, operating out of and into the most congested airports near the
largest cities and traveling in and through routes with the highest density
of air traffic. :

In exploring the ramifications of the medical problems involved, the
nature of air carrier operations and of the air traffic of the future was
considered. The indications were that the very large increments of older
pilots that had already taken place were small in relation to the increases
still to occur. Projection of the number ‘of pilots who would have been in
the 60-70 year age group, in an era of highly demanding air carrier operations
involving the safety of many millions of passengers, indicated a relatively
high probability of risk associated with the possibility of sudden incapaci-
tation of some of the older pilots in the course of flight.

Such occurrences, due primarily to heart failures and strokes, could not
be predicted reliably for any specific pilot on the basis of scientific tests
and criteria available at that time. On the contrary, the evidences of the
aging process are so varied in different individuals that it was thought
impossible to determine accurately with respect to any individual whether the
presence or absence of any specific defect in itself either would lead to or
would preclude a sudden incapacitating attack. Any attempt to be selective
in predicting which individuals were likely to suffer such an episode was
considered futile under the prevailing circumstances and would not have been
medically sound. Such a procedure, in light of the knowledge that a substan-
tial percentage of any group of persons will suffer from incapacitation after
reaching age 60, would therefore have been ineffective in eliminating the
safety hazards involved. ’

In the context of the age 60 °regulation, it was stated that the process
of aging is associated with a decrease in the reactivity of the body system,
leading to changes affecting performance; it is a process in which functional
losses exceed gains. Many studies have since been made which demonstrate the



significance of these deteriorations in the performance of certain tasks.
However, when knowledge developed by such studies is applied to a specific
task, such as piloting an airplane, it frequently suffers from a lack of
completeness and relevance; and this is often the case when dealing with the
application of information about human capabilities. It was hoped then, as it
is expected today, that scientific advances will help to solve the most ‘
pressing gerontological problems.

Some specific human capabilities depend on talent, reasoning, judgment,
and experience which are retained for relatively long periods of time and may
even improve with age (55). These underlying or constituent functions are
operating from early maturity until some ill-defined maximum or state of
decline is reached. In contrast, the ability to perform highly skilled tasks
rapidly, to adapt swiftly to new and fast changing conditions, to process
incoming information, to resist fatigue, to maintain physical stamina, and to
perform efficiently in a complex and stressful environment, begins to decline,
on the average, in early middle life and from thereon deteriorates in a more
or less steady fashion. In addition, although experience, judgment and
reasoning may be well preserved and compensate for some of the other
functional losses, the ability to apply them, especially in non-routine or
emergency situations, is progressively lost with age at a rate comparable to
the loss of rapid performance of highly skilled tasks.

As mentioned before, the deterioration process selected to justify the
proposed age limitation for pilots concerned foremost the body system and its
related physical functions and their pathology. In the area of behavioral
sciences, psychological tests indicate that there is a definite correlation
between chronological age and performance, although there is no evidence of
an identifiable disabling disease. Moreover, the aircraft accident rate
increases with age and is highest for the years 60 or greater (46). The fact
is, however, that the literature concerning age and flying or the aging pilot
does not contain the type of information which permits a quantitative evalua-
tion of pilot performance; in particular, it does not provide means,
techniques, or a method which would indicate the cutoff point in the
aviator's career due to aging. In order to arrive at a functional cutoff
point, appropriate methods must be found and performance levels must be
established. The large amount of information and human performance data
accumulated during the past 20 years makes it now possible to review the
present age limitations for air transport pilots and to propose practical
solutions to the problem of identifying the functional endpoint of.
performance.

III. Methodological Considerations.

The primary objective in the attempt to develop a functional age index
for pilots is to determine in what way an individual of a particular group
differs in his behavior and performance at progressive points of time. Hence,
we are trying, in a very general sense but under specific conditions, to
describe the various relationships that determine the psychological and
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physiological changes during the professional life span of an individual or

of the total group composed of such individuals. The problems associated

with such an effort are well known and have been discussed by many investi-

. gators (6,ll,16,20,23,38,43,57,61,71) and cannot be repeated here. It must
suffice to say that there are two major approaches, namely, cross-sectional

and longitudinal studies, which are used to assess the effects of age and
aging. A cross-sectional sample includes individuals of the same age group or
.cohort that is thought to be representative of either the entire or a specific
population. In a longitudinal analysis, the stability or changes of behavior
or characteristics of one (the same) individual or the same cohort across a
certain period of time is assessed. It has been shown that both types of
techniques are plagued by impurities, since there are inherent interactions
among the age, developmental, generational, and environmental variables. It,
therefore, has been recommended that mixed strategies be employed to disengage
age from generational and environmental differences and thus decrease the
variance of the results obtained from age studies.

Considering the assessment of age effects on the performance of aviators,
the situation is just as complex. It must be recognized that the functional
age concept requires a number of assumptions, such as the existence of
essential factors which are associated with pilot performance, measurable
psychological and physiological functions, and the interaction of age with
generational as well as environmental variables. More specifically, this
includes the different characteristics, background, training, and selection
of pilots and aircrews, the different types of work and work environments,
the different generational, social, and economic conditions, and the
different requirements placed on the individual by the various types of work
and work demands. The assessment of the age effects then requires various
steps in the defining, ordering, or systematizing, analyzing, weighing, and
correlating these items in regard to age and proficiency as an endpoint. We
must be aware of the fact that this approach by necessity will be very
complex and rather limited as to its accuracy and validity. However, a
satisfactory solution of the problem can be envisioned by reducing the
variables to a manageable number of critical factors, by distinguishing
between the relationships between age dimensions and quantitative changes in
performance levels, and by decreasing error variance to a statistically, or
at least practically, acceptable amount.

One of the most important variables involved in determinable age changes
concerns the ontogenetic or individual variance of the age-related functions
that affect the validity of the functional age model and its application to
the controversy about forced retirement. In an attempt to shed some light on
this problem, Burney (22) compared persons who were found to be functionally
older than attested by their chronological age and persons who were found to
be functionally younger than their chronological age, with the majority of
subjects who fell within +2 standard deviations (SD) of the mean of the group.
Figure 1 shows a schematic representation of the trends found in three
categories of the cohorts studied. Most subjects were found to be aging
within the +2 SD of a progressive mean slope, some outliers were younger but
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Figure 1. Chronological vs. functional aging in the
3 categories of the cohort studied by Burney (22).
Most age within +2 SD of a progressive mean slope.
However, some who are younger age faster (upward
arrow) and some who are elderly age slowly (downward
arrow) .

aging faster (upward arrow) and some were elderly but aging slower (downward
arrow). Schonfield (72) has pointed out in a similar exercise that there are
usually greater differences among a group of older people than there are among
the young; i.e., the standard deviations of performance tend to increase
considerably with age. This is illustrated in Figure 2. In this figure, each
dot represents one score obtained from the Progressive Matrices Intelligence
Test (72). It can be seen that some of the older subjects received higher
scores than the majority of the younger ones, but that the means show an
accelerated decline after the age 30 period.

There are two kinds of differences that must be considered when dealing
with age-related factors: First, the aging process in man eventually affects
all the physiological and psychological functions, but these functions
deteriorate at different rates in a given individual. This means that an
individual has many "ages", since the various biological systems and psycho-
logical functions age rather- independently of one another over a good part of
the adult life span. Secondly, there are differences in the rate of aging
among individuals; i.e., some persons age fast, while others maintain their
youth or vitality far beyond the usual onset of senescence. This phenomenon,
as a matter of fact, is the main reason for the development of a functional
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horizontal lines. (Reproduced from Schonfield
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1967.)

age index: If all persons would age at the same rate, there would be no need
for selective retirement. On the other hand, the rate of deterioration of
certain functions, which seem to be characteristic of cohort behavior,
appears to be relatively stable (31,71). This is one of the reasons for the
conventional policy of collective or chronological retirement.

Regardless of the kind of model applied for the study of aging, it must
be recognized that, in addition to the similarities and stability of trends,
the differences among individuals will account for a great deal of the
observed or calculated variance of measures. In particular, the psychological
measurements show individual differences around the average age trend due to
the various biases or forces to which the individual is exposed during its
life. One outstanding example of the plasticity of certain psychologic or,
more specifically, mental functioning is the human intelligence. In their
controversy over the "myth of intellectual decline" during the later years of
maturity, Baltes and Schaie (11) pointed out that research on intelligence in
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adulthood and old age has revealed large interindividual differences, multi-
dimensionality, multidirectionality, and the importance of generational
differences. Accordingly, they conclude that the causes and patterns of
individual changes are still not known and must be determined, if stable or
invariant functions in aging persons are to be established.

Within the framework of their conceptual model these two authors (11)
argue that a major share of the differences between younger and older persons
and during adulthood and later age is due to ontogenetically invariant aging
processes. In understanding aging, the problem has been to distinguish what
is unique to the individual from what is a characteristic of the aging
process. All the aforementioned factors, biological, psychological, social,
economic, and historical or cultural, affect the aging of any given
individual. The fact is that over the lifetime of any individual or cohort
of individuals, both the behavior of the individual and the characteristics
of his environment are changing (16). This is noteworthy in this context
since we are dealing with highly specialized functions that are required for
the successful control of an aircraft during periods of rapid technological
changes and high personal demands. There is strong evidence available that
much of the difference in mental and cognitive functioning between young and
old is less due to a decline of intellectual capacity but more to the higher
performance demands in successive generations (70). Some of the observed
decrements, such as decreased performance on tasks involving speed of
response, are undoubtedly age-related and show large individual differences
(17). Recent experiments have shown that pilots' decision-making responses
were highly individualistic and even independent of experience, training, and
age. The responses which had to be made within a short-time interval were
found to deteriorate with age (62).

With respect to aging studies of the type needed to determine the
functional age of an jndividual or a group, there are various designs that
aim at a sort of trend analysis of a particular variable or factor or in a
multitude of variables or factors. The most promising approach to study such
age trends still seems to be the longitudinal investigation, at least for our
special objective. Some straightforward statistical procedures can be used
to accomplish this task. They basically consist of the factoring or
clustering of test results, observations, and other quantitative data.
Examples of such efforts which lead to the various taxonomies will be given

later in this report.

Nunnally (59) pointed out that precise conclusions about similarities of
factors found in different analyses can hardly be drawn by just comparing the
matrixes of factor loadings. However, factors established through different
analyses can be compared or combined mathematically by correlation statis-
tical procedures employing the scores or loadings which define the factors.
In a later study, he attacked the problems associated with the individual
“differences by means of a "generalized component analysis" (59). This method
is similar to that of any type of profile analysis performed on groups Or
cohorts in regard to differences in the results of a battery of psychological

7




tests or other measured variables. He stated that any factorial analysis can
be used for this purpose, and that the factors obtained can be rotated or
treated in such a way that optimizes the statistical solution. Such
operations and comparisons are permissible if the same subjects are tested at
various points in time. After such longitudinal data have been obtained by
means of standardized test batteries, the similarities or differences of the
factors or factor structures can be established at the desired age levels.

In this way, comparative procedures can be useful for establishing a func-
tional age index.

The details of a comparative factor analysis cannot be discussed here.
Botwinick (20) reports Coan's attempt at a synopsis of factor change and
ontogenetic considerations. Accordingly, the behavioral expression (e.gq.,
the loading pattern) of a factor is necessarily different at various age
levels although its "basic nature" remains the same. This implies a certain
stability of the factor through or despite the aging process. In discussing
some of the models available for distinguishing between relatively short-term
intraindividual changes and stable factor structures, Baltes and Nesselroade
(10) classified the factor relationships as follows:

Type A invariant loading patterns - stable factor scores

Type B invariant loading patterns - fluctuant factor scores
Type C noninvariant loading patterns - stable factor scores
Type D noninvariant loading patterns - fluctuant factor scores.

Briefly, Type A factors have the characteristics of ideal traits, i.e.,
high degree of stability and repeatability of the factor scores. Type B
factors also show repeatable response patterns or state dimensions. For
example, the variable cluster denoting the trait "dependency" may inhibit
age-invariance, whereas age-specific situational variations result in a fair

transition periods or critical life situations, where the loading patterns

may show differences from one testing point to another while the basic nature
of the factor remains unchanged. The Type D factor is not of interest in this
context. Generally, the concept of stable factors (within certain limits) is
not new, and it is a heuristic principle in the design of factor analytical
strategies for aging studies.

A schematic system of the main topics involved in the study of individual
differences which may also have a bearing on aging studies was designed by
Wohlwill (96) and is shown in Table 1. It depicts the major problems and
issues in a three-way classification in regard to the individual vs. dimen-
sion, univariate vs. multivariate design, and variance vs. stability. This
latter concept is of great significance in the study of functional aging in
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Table 1. Topics in the Developmental Study of Individual Differences

As Outlined by Wohlwill (96)

A. Emphasis on change

Focus on Single-variable case Multivariate case
The individual Individual patterns of change Changes in patterns of ipsative
in z-scores and similar measures. relationships among variables.
The dimension patterns of change in variability. Changes in factorial structure;

emergence of factors; develop-
mental transformations.

B. Emphasis on stability

The individual Invariance of z-scores or other Constancy of ipsative patterns;
relativized measures at different invariance of factor scores.
ages.

The dimension Stability of individual differences Invariance of factorial structure
for a variable across a time across age.

interval.

that it determines the amount of predictability of behavior patterns and
performance. "Unstable" necessarily limits predictability. Predictability,
on the other hand, can arise in several ways, and it can mean absolute
invariance as well as regular or irregular changes in a more or less random
fashion. The point here is that invariability of behavior can be measured
mathematically and'that the degree of continuity of performance can be
predicted despite of the individual differences. Wohlwill (96) cites Kagan as
having pointed out that continuity of behavior represents an assumption that
would be difficult to eradicate from theoretical as well as from practical
thinking; and there 1is convincing evidence (61) of the validity of this

assumption.

In concluding the arguments concerning the role of individual and inter-
individual differences in aging studies it appears that an acceptable
solution may be found by the use of adequate psychological and functional
tests. Such tests have been used more or less successfully to measure
operator and pilot performance (among others, see 37,56,79,83,87,95). If
valid correlations were established between the age-related variances, this
would permit a more precise determination of the practical implications of the
observed stability or changes in test scores. Then, a vigorous effort should
be made to apply the test results for assessing age-related pilot performance
and functional age indexing. It must be mentioned here that psychological
tests have been administered in the past almost exclusively to predict success
in flying training. Also, the measurement of pilot performance by means of
such tests is mostly limited to military settings; air transport pilot
performance is generally assessed, although periodically, by different means.
A more general and systematic assessment of age-related performance seems to
be possible, however, since there exists a variety of psychometric techniques,
ranging from such simple tools as paper and pencil tests through the more
complex psychomotor machines to the most sophisticated flight simulators and
realistic check ride procedures. It thus appears that there is now enough
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information available on age effects and age differences for various skills
and their relation to occupational requirements to develop formal techniques
and standards for appraising whether or not retirement of aviators is
desirable or mandatory (70).

IV. Identification of Psychological Factors Related to Flight Safety.

A promising approach to the assessment of pilot proficiency is the
identification of the skills underlying proficiency in pilot performance,
This approach includes the taxonomic survey of the various parameters
involved, the determination of the associated human factors, and the analysis
of the psychological and physiological functions, performance variables and
personality traits which are found in successful and non-successful pilots.
We have, therefore, attempted to identify the psychological factors
associated with (i) safe pilot behavior, and (ii) unsafe pilot behavior (or
pilot error) as found in aircraft accidents.

A. Performance Criteria of Successful Pilots. We assume in this
analysis that the human pilot is the operator of a complex man-machine
system. According to Flexmann (36) pilot performance is based on the
"ability to monitor many sources of information, maintain a high level of
control over many variables, time-share a number of separate tasks, maintain
a high density communication flow, and, at the same time, perform the
leadership and crew coordination aspects of the Jjob". By searching the
pertinent literature on this type of behavior, which includes both operator
and pilot performance, it appears that a great deal of information appli-

available. Examples of such taxonomies will be given in the following
paragraphs, which list and describe operator tasks, activities, skills, and
abilities, and the psychophysiological processes, functions, and behavioral
characteristics involved in accomplishing these tasks.

tested psychological and psychophysiological factors which were thought to be
needed for effective aircrew classification. It was proposed that the
requirements of aircrew specialties could be represented by a practical
number of job elements, which were common to all specialties but would vary
in relative importance from one specialty to anothér. The pattern of
requirements for a given job would be found by determining how often job
performance of the kind defined by each element was a factor in deciding
success or failure on the job. By weighting tests corresponding to each
element in accordance with job-analysis findings, it would then be possible
to make predictions of pilot success. Hence, the objectives of Wagner's (92)
project were to (i) identify and define a representative group of job
elements, (ii) develop a procedure which, by use of an appropriate technique,
would permit persons with adequate training to perform job analyses, and
(iii) test the validity of the job analysis procedure.

10



Identification and definition of the job elements were accomplished on
the basis of information from all useful sources, such as job descriptions,
test data, training results, and other personnel records. Moreover, approxi-
mately 2,000 critical incidents describing actual performance of aircrew
members were obtained within the Training and Strategic Air Commands. An
attempt was made to define a group of elements which was comprehensive, yet
practical in number, and each of which was relatively independent, homogenous,
and predictable by tests. The elements were reviewed and improved on the
basis of several preliminary tryouts in the field.

TABLE 2. The Four Main Categories of Aircrew Behavior
Obtained From the Critical Incident Technique

As Reported by Wagner (92)

I. Learning and Thinking

This area concerns all mental processes dealing with abstract
jdeas. Included are such traits as memory, judgment, fluency,
and foresight.

1I. Observation and Visualization

This area concerns mental processes involving concrete things
rather than ideas. Included are the abilities to locate
points and objects with or without a reference system, to
visualize objects in two- or three-dimensional space, and to
identify and compare objects.

I1I. Sensorimotor Coordination

This area involves purposive movement of object. Included are
finger dexterity, pressure control, speed of large muscle
movement, and accuracy of large muscle movement.

IV. Motives, Temperament, and Leadership

This area is concerned with the basic reasons for doing things
and the typical manner in which they are done. - Included are
character, values, fundamental interests, fixed habits, and
characteristic modes of response.

During a 5-week program of interviews, ten Air Force bases were visited
and 887 aircrew members were interviewed. Each interviewee was asked to
describe critical incidents in which a pilot, flight engineer, or radar
observer performed his job either in a particularly outstanding manner, or in
a manner that might have seriously jeopardized the success of a mission (34).
A total of 9,566 such incidents was reported, and for all but 198 the critical
behavior in each was classified. The relative number of critical behaviors
classified under each element produced a distinctive pattern of requirements
for a given job. The general framework into which the tentative elements
were grouped consists of the four main categories and is shown in Table 2.
Two interviewing teams, operating independently, obtained results which were
very similar. The distribution of incidents among job elements for each
specialty is given in Table 3. The tryout elements most frequently mentioned
by pilots are decision making, compliance with instructions and procedures,
cooperation, accepting responsibility, and maintaining emotional stability.
Table 4, finally, contains the refined job elements as related to pilot
incidents and adjusted to suit available or possible psychological tests.
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TABLE 4., Distribution of Pilot Critical Incidents Among Refined Job Elements
Reported by Wagner (92)*

Refined Job Elements Incidents
)

Accepting Personal Responsibility 2
Making Sound Decisions 1
Working Effectively With Others 1
Maintaining Proficiency Under Emotional Stress 1
Accepting Organizational Responsibility 1
Moving Variable Controls
Learning and Remembering Verbal Materials
Planning and Anticipating Problems
Actuating Fixed-Position Controls
10. Maintaining Proficiency Under Physical Stress
11. Estimating and Identifying
12. Recognizing and Defining Problems
13. Noticing Changes
14, Interpreting Data From Records and Instruments
15. Showing Ingenuity
16. Visualizing Mechanical Relations
1 ting Spatial f
18. Using Mathematical Reasoning
19. Reading and Recording Data
20. Making Numerical Computations
21. Understanding Verbal Materials
22, Coordinating Overall Body Movements
23, Using Tools and Repairing Equipment
24, Fulfflling Size and Strength Requirements

O [~

.
.
.
o

prupmFwNE

©OOOPOeOPPPOrErIEOY
ogggrhNraaeEOLEma bbb IS

# = less than 0.1%

In another study entitled "Age and Behavior", B. M. Shriver (76) also of
the American Institute of Research used the critical incident technique to
collect reports by airmen on the effects of aging in flying personnel. The
group of persons interviewed consisted of active commissioned aircrew
personnel, mainly pilots of jet aircraft. A background of reliable informa-
tion was provided concerning physical, psychological and vocational indices
for assessing individual competence, upon which Air Force policy concerning
aging was supposed to be based. The results of this study led to the
establishment of four major performance/behavior categories which are shown
in Table 5. It was found that aircrew men, who reported adverse signs of
age-related behavior, show symptoms of:

i) physical and physiological deteriorations

i) loss of motivation and ability to acquire new skills
i) lowered levels of critical aspects of job proficiency
iv) poorer relationships with coworkers

(v) lower morale and job satisfaction.

Five years later, the U.S. Air Force experimented with a battery of
psychological tests for the study of age-related changes in aircrew perform-
ance (41). The job-element structure of this battery containing 16 items is
shown in Table 6. From this and earlier studies, 14 tests were selected
which were thought to measure the corresponding abilities. Of these 14 tests,
the scores on the following eight indicated some decrease with age:
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TABLE 5. Major Performance/Behavior Categories Based on

Critical Incident Reports Analyzed by Shriver (76)

Categories No. of Times
Reported
I. Cognitive Processes
A. Learning or acquiring new material or skills 9
B. Remembering 40
C. Problem-solving behavior : 3

II. Sensorimotor Processes

A. Meeting strength and endurance requirements for job 151
B. Meeting visual requirements for Job 45
C. Meeting auditory requirements for Job 21
D. Coordination and bodily flexibility and adaptability 31

III. Motivation and Temperament

A. Accepting responsibility on the job 22
B. Retaining good attitude toward work and duties 34
C. Maintaining proficiency under physical stress 26
D. Maintaining proficiency under emotional stress 18

IV. Interpersonal Relations and Personal Adjustment

A. Working and living compatibly with others 31
B. Adjustment to job 63

TABLE 6. Job-Element Structure Used by Glanzer, Glaser, and Richliss (41)

for the Development of Age-Related Aircrew Performance Tests

1. Understanding verbal materials

2, Learning and remembering

3. Making numerical computations

4. Using mathematical reasoning

5. Recognizing and defining problems

6. Showing ingenuity

7. Planning and anticipating problems

8. Making sound decisions _

9. . Estimating and identifying: Reading

. data from records and instruments

10.  Recording data from records and instruments
11. Interpreting data from records and instruments
12, Interpreting spatial patterns

13. Visualizing mechanical relations

14. Accepting personal responsibility

15. Accepting organizational responsibility

16. Maintaining proficiency under stress

14



TABLE 9. Classification of Behaviors by Berliner, Angell, and Schearer (15)

PROCESSES

Perceptual

Mediational

Communication

Motor

ACTIVITIES

Searching for and

Actions, Events

Information
Processing

Problem Solving
and
Decision Making

p—

Simple/Discrete

Complex/Continuous

17

Receiving Information

Identifying Objects,

SPECIFIC BEHAVIORS

Detects
Inspects
Observes
Reads
Receives
Scans
Surveys

Discriminates
Identifies
Locates

Categorizes
Calculates
Codes
Computes
Interpolates
Itemizes
Tabulates
Translates

Analyzes
Calculates
Chooses
Compares
Computes
Estimates
Plans

Advises
Answers
Communicates
Directs
Indicates
Informs
Instructs
Requests
Transmits

Activates
Closes
Connects
Disconnects
Joins '
Moves
Presses
Sets

Adjusts
Aligns
Regulates
Synchronizes
Tracks




In an attempt to find a task classification system suitable for the
evaluation of military performance, Berliner, Angell, and Schearer (15)
assessed several existing taxonomies. They arrived at.their own classifica-
tion system which is shown in Table 9. The more than 100 action verbs which
indicated representative behavior were reduced to 50 specific mental and
psychomotor activities which were subsumed under six broad types of
activities and four major behavioral processes.

Another effort by Altman (1) was directed toward the improvement and
refinement of the performance data which were already in the central store of
descriptive human behavior. He suggested the following categories or types
of psychological functions involved in operator and pilot performance:

Sensing - perceiving a difference in physical energies impinging on a
single sense modality.

Detecting - percéiving the appearance of a target within a background
field.

Discriminating or identifying - perceiving the appearance of a given
target as distinct from other similar targets.

Coding - translating a perceived stimulus into another form, locus, or
language, not necessarily involving the application of a sequence of logical
rules. -

Classifying - perceiving an object or target as representative of a
particular class, where the objective characteristics of targets within the
class may be widely dissimilar.

Estimating - perceiving distance, size, and/or rate without the applica-
tion of measurement instruments. ~

Chaining or rote sequencing - following a pre-specified order in carrying
out a procedure.

Logical manipulation - application of formal rules of logic and/or
computation to an input as a basis for determining the appropriate output.

Rule using - executing a course of action by the application of a rule
or principle. ‘

Decision making - choosing one out of a field of alternative actions,
including the following optimum strategy in non-rote behavioral sequencing.

Problem solving - resolving a course of action where routine application
of rules for logical manipulation and decision making would be inadequate for
an optimum choice. This would seem to imply the integration and adaptation of
existing principles into novel, specialized, or higher-order rules.

18



One of the most extensive programs directed at the assessment of complex
performance was reported by Chiles, Adams, and Alluisi (24) in 1968.
Alluisi (2,3) had selected six synthetic tasks as having high face validity in
representing the kinds of functions performed by operators of complex systems
and had categorized these functions into seven areas as follows:

1. Watchkeeping, vigilance, and attentive functions, including
the monitoring of both static (discrete) and dynamic
’(continuous) processes.

2. Sensory-perceptual functions, including the discrimination
and identification of signals. :

3. Memory functions, both short and long.

4. Communication functions, including the reception and
transmission of information.

5. Higher-order functions, including information processing,
- decision making, problem solving, and nonverbal meditation.

6. Perceptual-motof functions.

7. Procedural functions, including such things as interpersonal
coordination, cooperation, and organization.

This list has been criticized by Fleishman (35) as having too few cate-
gories to permit organization. He feels that task dimensions must be much
more specific to be applicable to a large variety of tasks and situations.
As an alternative to classifying tasks in terms of their characteristic,
Theologus, Romashko, and Fleishman (85) developed a classification system
based on basic human abilities. After extensive subjective scaling tests,
they arrived at the list of 37 abilities shown in Table 10.

In 1971, R. T. White (94) of the Douglass Aircraft Company reviewed the
literature in search of an adequate approach to the analysis of tasks
performed by operators in complex man-machine systems. Representative task
analysis models were surveyed, and a large number of task classification
schemes or taxonomies were analyzed. Since his goal was to develop a technique
for the experimental assessment of mental workload, his proposed matrix as
shown in Table 11, differs from the usual task taxonomy in that it includes
the primary task characteristics or demands, which determine the performance
of a task, rather than simply listing the types of activities involved. The
matrix provides a convenient format for depicting the relationships between
these two kinds of variables that determine performance effectiveness. It
also provides a meaningful basis for the quantification of workload.
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TABLE 10. A Task Classification System Based on Abilities

as Defined by Theologus, Romashko, and Fleishman (85)

1. Verbal Comprehension 20. Static Strength
2. . Verbal Expression 21. Explosive Strength
3. Ideational Fluency 22. Dynamic Strength
4, Originality 23. Stamina
5. Memorization 24, Extent Flexibility
6. Problem Sensitivity 25, Dynamic Flexibility
7. Mathematical Reasoning 26. Gross Body Equilibrium
8. Number Facility 27. Choice Reaction Time
9. Deductive Reasoning 28. Reaction Time
10. Inductive Reasoning 29. Speed of Limb Movement
11. Information Ordering 30. Wrist-Finger Speed
12. Category Flexibility 31. Gross Body Coordination
13. Spatial Orientation 32, Multilimb Coordination
14. Visualization 33. Finger Dexterity
15. Speed of Closure 34, Manual Dexterity
16. Flexibility of Closure 35. Arm-Hand Steadiness
17. Selective Attention 36. Rate Control
18. Time Sharing 37. Control Precision
19. Perceptual Speed
TABLE 11. Task Taxonomy Matrix for Performance
and Workload Analysis as Developed by White (9%)
Demands
fodbiiiy | Cofagtve | Semsony
TASK TAXONOMY MATRIX load
£ <1 31§ g
Process Activities (:;:::;? g g g bg) § g
Discrete visual
(e.g., read display) NA NA NA
Sonsory | Gontinns viwal "
Auditory
(e.g., receive voice message) NA NA
Interpretation ~
Cognitive (e.g., decode, identify) NA NA NA
Decision-making NA
Self-scheduling NA NA NA NA
Simple/discrete action
{e.g., activate) NA NA NA
potor |G e e "
Verbal
(output voice message) NA

NA = Not Applicable
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TABLE 12, Functional Analysis of Behaviors Required fn Civil Aircraft Operations

(Adepted From Barnhart et al. (12))

FUNCTION J SUBSYSTEM GOAL [ CATEGORY OF BEHAVIORS
INTELLECTUAL FUNCTIONS:
COGNITION or Acquisition of garding the p Attention to external objec
COGNITIVE BEHAVIOR or status of the aircraft, the system and the perception of infomuoi. b
environment. of that
and appreciation of the iwpli-
cations of the information.
DECISIONS, DECISION- Selection of rules and of actions with which to Decision-making, concept
HAKING BEHAVIOR impl the 1gned missl formation, probiel—sclvmg,
management skills.
IMPLEMENTATION FUNCTIONS:
FLICHT OR CROUND Control of the airplane's attitude and position Closed-loop manual tracki
HANDLING in space and time. of airspeed, attitude, "
direction and altitude.
Perceptual-motor skills.
SUBSYSTEM OPERATION Operation of aircraft or ground-based y al discrete 1
in order to implement a decision. of switches and other controls;
1mplementation of memorized
or written procedures.
SUBSYSTEM MONITORING Detection and fdentification of undesired Honitoring behavior; scanning;
subsystem states. vigilance.
COMMUNICATIONS T 1ssion and ption of inf 1 Yerbal and nonverbal
BEHAVIOR communications skills.

Also in this context, the task analysis techniques proposed by Barnhart,
Billings, Cooper, Gilstrup, Lauber, Orlady, Puskas, and Stephens (12) will be
mentioned. In their attempt to discover the forms of human behavior
associated with flight safety, the authors developed a sort of function
analysis, whereby the term "function" is used to describe a "set of tasks
which shares a common category of behavior". Table 12 shows the functions
considered necessary to fulfill mission objectives in civil aircraft
operations. The authors list cognitive behavior first in their table to
indicate its priority among the various functions. It seems to be appropriate
at this point to illustrate the importance of cognitive behavior for pilot
performance by citing verbatim from Barnhart et al. (12):

"Cognitive encompasses the behaviors by which a person
becomes aware of, and obtains knowledge about, his relation-
ship to his environment. In aviation, the flight crew and
certain others (air traffic controllers, dispatchers) must all
have knowledge of an airplane's location, status, and intentions.
Cognition is the process whereby each person acquires and
appreciates this information.

"Having become cognizant of the required information, each
of the persons in the aviation system is in a position to do
something about it. The process involved is called decision
making. A decision is the formulation of a course of action
(from among a limited number of alternatives) with the intent
of executing it. ‘A decision may, of course, be to allow
things to continue as they are: to do nothing.
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"The execution or implementation of a decision involves one
or more actions. The remaining functions (in Table 12) may be
thought of as implementation functions: the actions one takes to
implement a decision. In a sense, they all involve the same
goal; they are separated, however, because they represent
fundamentally different categories of behavior.

"A simple example may help to illustrate the functions as
they apply to aircraft operations. Approaching an airport in
a terminal area, a pilot may become cognizant that the
visibility is excellent and that there are few aircraft
operating in the area. Based on his appreciation of the
implications of this information for his on-time arrival,
the pilot may decide to "cancel IFR (Note: instrument flight
rule) and to complete his flight by visual flight rules
(Note: VFR), an alternative mode of operation open to him.

"Execution of this decision will require the use of some
combination of the four implementation functions (see Table 12);
it is important to note that the nature of the decision
determines the appropriateness of the tasks which comprise the
implementation functions. For example, certain subsystem
operation tasks, which were appropriate when operating under
IFR, are no longer appropriate when the decision to proceed
under VFR has been made.

"In implementing this decision, the pilot must communicate
his intentions to his crew and to the air traffic controller
handling his flight. He must select and communicate on the
radio frequencies appropriate to VFR operations (subsystem
operation). He must continue to monitor the status of his
aircraft and must also monitor the environment for conflicting
traffic. He may elect to control the airplane manually
(flight handling) or he may perform this function through the
autopilot (subsystem operation)." (12)

In a more recent study concerning the psychological requirements for
becoming a successful pilot, Steininger (81) identified the following rele-
vant "basic abilities":

Conclusive and combinatory thinking in numerical, nonverbal terms
Short-term memory

Receptivity for acoustic or verbal information

Spatial orientation and understanding of directional relationships
Speed of perception and observation

Control of attention '

Precision of sensori-motor coordination.
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There are some studies available on the psychological requirements for
glider pilots, which can be found in Neubert's (58) paper concerning the
requirement analysis for training pilots for flights at high altitudes.
Neubert analyzed the psychophysiological stresses encountered during soaring
and the relationships between such stresses and the pilots' responses.

Based on earlier investigations of the operational requirements of high-
performance soaring and on functional analyses of the activities involved,
the author (58) found the following behavior attributes and personality
traits in a selected group of highly successful glider pilots:

Ability to follow established procedures (speed, flight course, and
control of the aircraft).

Ability to quickly change from "feel-of-the-pants" (VFR) to
instrument (IFR) conditions.

Psychophysiological stability (stamina).
Absence of feelings of anxiety or terror.

Balance between risk-taking and self-preservation and good judgment
of the degree of risk involved in a certain action.

Ability to concentrate on short-term memory items.
Multiple-task performance capability.

Ability to change routine performance in accordance with special
task demands.

Resistance against psychological fixations and mental or emotional
blocks.

While the lack of a requirement for mechanical aptitude or skill in
Steininger's (81) list is somewhat surprising, its omission from Neubert's
(58) requirements of glider pilots is easily understandable. The risk-taking
aspect in Neubert's ability list, on the other hand, seems to be typically
associated with high-performance soaring.

The summary survey of the various taxonomies presented above is shown in
Table 13. The six columns in Table 13 indicate the major tasks that military
and civilian pilots are faced with; the task characteristics, job elements,
and the required activities to accomplish these tasks; and the psychological
functions, abilities, and factors involved in the performance of these tasks.
Admittedly, this arrangement is arbitrary in that the different behavioral
categories were defined conveniently to mitigate the intended compromise among
the taxonomies. This, however, seems permissible to us since the principles
of classifying task-related behavior were upheld.

23




Juaabpn{ sesp

SUOTIONIISUT SMOTO4

$90U93944TP 530933
sunTIe; 5309390

SIYI0 Y4 $I30Iadoo)

N T043u00-3 135
UTTATISIP-J 139G SUOTIONASUT
bpn o b a3pun
UOTIONY Juawbpng
Buyyew uoTsyoaq  A3FTIqeas [euofiow3
Juawbpng F0oueTI6TA
VOTIRITUNemo)

SUOTIRTAa Teuosaadidjuy
Guypyew uorsyoag

Juswbpng
uoTIRATION
RoweTThIA

eupweyg

JuImsnfpe TRU0SIay
SUOTIRTAI [RUOSIAd
JOIOWTIOSUAG

(Teauoubpnf “1ejuow
‘Teuotietpam) uoyijubo)
uoy3daoaay

TIPS JojowTaosuag
vOTIPUITIO

pue vojidosiad oeds

SSRQIATY

IWFI voyjoeay

u073da0Iag

VOTICOTUNMNO)

Suyuseay
vop3Iubo)y

puR Tensya) wor3daoaag

SSIUIPRAIS puey-wly

A31a9axap [enuey
uoyjey

~TRI0OO QUTT-TITWH
Wibuaays aatsoydxa

? dweudp ‘or3ess

Buydaoy yorey

VURINPUI TROTSAyY

WURISTSI SIS

Gupyew woTsyaRg

suotietaa yo Gupmioy
suoTIe(ad

J0 Bugpuessaspun
AusTIIdXD

Aq buyasnfpy

BuTuoseal aAJIonpag

$323n0s jRUII TR
WOl SUOTIOR $30319g
SAINTTR; $330007
spaepuels woay
SUOTIRTAI SAAIISY)
IV
TeUJIIXD SAAIIEGQ
$303(qo0 a3 73uapT
suoTIRIade £30917g
suoyjesodo sueTd

oM TeaTsAyd sa0g
SSAIS Jopun Burnaon

SUDTSTOWP sANEW

°IEP SPICOIT B SpeIY
°ICP IDUIIYII

2 snmieas sazdyevy

voIewgIse
buey jo ey
2738 j0 vorIeeIIS]

Rt s

JIeTa spury
SANTIL; § SIOAID

smayshs sasoubeiq

swayshs Joadsuy

(uoy ) Y
UOTIBUTPI00D puey-2A3
wnEIGETINGS Apoq sso1n
UOTIRIUTIO Jordg

¥
s3snfpe » speay
STOI3U00 S3snfpy
STOJIU00 SIA0H

woy3daosad oedg $[023¥00 sagenjoy

suotIsanb sisasuy

poads [emydacaay $19430 $30n3380]

vo' P Jeubls  uo! SUT 304 sysy
spaepuess woy

Butaaquouay UOTIRTAIP $IAIISGY

yinwyae Guyisad
-30uT ¥ Supajaoaay
uoTIuIIJe
40 vorIngrISTQ
uoTIRIY
UOTIRZITMSTA

$303004 TRIThoTONIAS 4

noﬁm:n( 0. -..o.uwo.!u

SIUBWNIFSUT
sIsnfpe » sanzesq)
SUOTIONIICUT SMOTTO3

uoOTIeNI0 uT SUTRIQ0

s3sanbaa ‘suery.

SITITATIOV 10

19430 Y314 Bupnaon
Juawbpng
SUOTIONIISUY BuTMoTTo4

$S3I3S Jopun
Aouaotg0ad Sujuieyuren
watqoad jo uoy3jubooay
SPURWIp TRUCTION? Bufjaan

spuewdp qof 03 Judmasnipy
uojje3azdiajuy ejeqg
A3111q7suodsay

suaulipn,

UOTIRS FAOIdw]
A3gwabuy
AITIqISUOdsSay
aousBTTTeIUT

SJUIMITNbOI
y3busays p 9zy1s Buyraan
eurwelg

SuoTIeIndwoo Butyey
swd3sds Bujzoituoy
Guyew wOTSTOIQ

Guyyoeay
Tenues dool-pasor)
SIFITATIOR O UOTIVUTPIOO)

uoTIRWIO U] 10y Buyyoaeas
$ITdToVTad TROTueyOow

40 Bujpuesaapupn

TIPS yenuey

SIHI0 yIzm Gurnaoy

sbpatmouy Jo uwoyzeoyyddy
voTIew

~30JUT JO uOTSUINIdWo)

Suyaesalos pue Butuuery

UOTIPUIOUT
$0 KfTTqRTYRAY

SUOTIINIISUY

¥$T2 J0 19buep jo 23abag
Aouaban ‘paadg

PIAIIEQO

330))2 40 SISy
paanbas

340433 Jo aabag

3ST3 » J2buep yo saabeq

$30212 30 uoTjesUIEN)
00INUT UTYORN-vey
YOTIOUN) I sURI)
uorIemolne Jo aalfiag

Bujatigqeg -

umopInys

augbus ‘Buryaed ‘Guypxe) -

yoeoadde 10 L1juaay -

IYDTES 4o uoTIeVTWIay

$3anpacoig Aousbase]

SIS TdWOd0e UOTSSTH °
UOTIROTSTIUIPT 39bgey *

uojlenyaey -

(*239 *punocaruany

‘A13A¥19p vodean ‘asuasop

‘yperge “snoazepusy)
VOTSSTH ¥ IYOIT4

Judmabeuew ssau3s TROTSAYG °

1033000 TVIUIMUCITAU] °

(max0 ¢ A ‘2am0d

3 w )
sa7371eNnb SuyypueH

(L3TAT3TSU9S 3 A3yTend
‘930x) [033U00 Jo adA)

0732 IsTou-03-TRUb]S
(~232 ‘abessam Teubys)
uoTIMeIOuT jo adK|

vty

~EBI0JUT JO UOYSUNRIIWO)
(A3TROT4TP B uaxo)

A37x3Tdwo0 jo asabag
(snonuy3uco

40 INIISTP) Ipow NER)

‘ueTd) Juamobeuew Y6IT4 °

I

a‘oga
‘Butpesy ‘apmarate

‘apMTIIe) ToMuod JubFTy -
UOFICIJUnEm0]) °
SiMIvdag pue Jjooey

IORNR BTy -

SIIWITI qof
30 syumambay qog

$2738JI9300IRYy) YSR|

(WRITIAT) pue AI3TTINY
sxset I0T¥g 0fen

JojARyag 9741090

433 30T1g Buy

W 03 ATGRITIAdY JOJARYIG PaIeToY-XTR) Pur SSEL 4O $0720693¥) JofeN T FWVI

24



An inspection of Table 13 shows that the multitude of pilot task-related
behavior can be finally reduced to the following basic psychological factors:

Perception (visual, auditory, and tactual)

Reaction time and response behavior

Vigilance, attention

Sensorimotor abilities and skills

Motor activities

Learning

Cognition or mentation (including judgment and decision making)
Personality dependent behavior

Social behavior and organization.

Vo~V Fwmn -

It is obvious that the nine factors shown in the last column of Table 13
are very similar to the seven areas outlined by Alluisi (2,3) 10 years ago.
This is not unexpected since his findings are used as part of our taxonomy.
It thus appears that these factors must be considered in analyzing successful
pilot behavior. Because of the nature of the different taxonomies used and
the lack of quantitative information concerning these factors, it does not
seem possible to assign weights or to rank them in regard to their importance
to pilot performance. Also, they are not rated with respect to their age-
dependency .

B. Pilot Behavior Associated With Aircraft Accidents. Another approach
to the determination of pilot performance variables utilizes the analysis of
pilot errors and human factors involved in aircraft accidents. For example,
a detailed analysis of the causes of approach and landing accidents reported
to the National Transportation Safety Board (NTSB) yielded five basic
categories of human failure:

. Visual perception

Operation of equipment

Inflight judgment or decisions
Professional attitudes or behavior
Pilot technique.

i wh -

A comparison between the NTSB data and a study done by the International
Civil Aviation Organization (ICAO) revealed the following causes:

NTSB (1962-71) ICAO0 (1961-70)

1. Unprofessional attitude or behavior 47% 43%

2. Visual perception misjudgment 19% 87% 29% 89%
3. Faulty pilot technique . 21% 17%

4. Inflight judgment or decision error 5% 5%

5. Improper operation of equipment 6% -

6. Unknown 4% 7%
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Because of the high percentages, the first three categories deserve
special attention. The seven probably major causative factors under the five
NTSB categories are:

Visual illusions

Altitude awareness

Inflight judgment or decisions

Non-adherence to Standard Operating Procedures

Failure to make sure the aircraft is under control during routine
irregularities.

6. Failure to monitor critical flight instruments

7. Poor crew coordination.

VI W N

There are many such lists available on the human error related accident
causes, but only a few systematic analyses go beyond a mere description of
the various types of causative factors. Several examples will be given to
illustrate this point. Most of them are taken from the papers presented at
the AGARD Aerospace Medical Panel Meeting held at Soesterberg, The Nether-
lands, September 7, 1973.

Based on findings by the Flying Safety Command of the German Federal
Armed Forces, Falkenberg (33) analyzed the most frequent types of pilot error
which contributed to 154 aircraft accidents of the German Armed Forces from
1967 to 1970. Only those accidents were considered in which the pilot was
Judged to be a primary or secondary cause of the mishap. The main objective
of the study was to analyze the type of erroneous or otherwise inept pilot
behavior which led to the accident. The author (33) obtained a total of 41
types of errors as shown in Table 14. The errors are related to the phases
of flight such as ground preparations, taxiing, take-off, etc. It was found
that certain. types of errors occurred predominantly in certain phases; but no
attempt was made by the author to rank them in a given set of conditions, nor
were they related to the psychological factors that may have caused the
erroneous behavior. Shannon and Waag (73) used the critical incident
techniques to catalogue, describe and analyze operational flight crew errors
involved in P-3 and F-4 Navy aircraft over periods of 7 and 5 years,
respectively.

Human errors were categorized according to three types: (i) Vigilance
errors, (ii) Procedural errors, and (iii) Perceptual-motor errors. Phases of
flight operations were divided into four segments, namely, (i) Servicing/
Pre-flight/Post-Flight; (ii) Start/Taxi/Shutdown; (iii) Takeoff/Landing, and
(iv) Inflight. Table 15 lists the errors observed in both types of aircraft.

An incident, cost, and factor analysis of pilot-error accidents in U.S.
Army aviation produced nine distinct, meaningful, and representative heli-
copter and airplane factors (64). .A component score analysis yielded pilot
and mishap background information used for the isolation of these factors.
Ninety-one variables listed in Table 16 were obtained from accident reports
submitted by the U.S. Army, Navy, and Air Force. As a multivariable tool for
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Table 14. Error Categories Reported by Falkenberger (33) for Aircraft
Accidents of the German Federal Armed Forces.

Absolute (abs.) Frequencies Relate to the Number of Pilots.

J53 EELICOPTER  REOP 28
abe, % abs., % sbs. % avs. %
1. Failure to secure preflight info LI 5 9.6 5 161 1% 8.6
2. Non=perception of optical indications 13 154 S 9.6 2 6.7 20 123
3. Misreading of optical indications 1 1.2 - - - - 1 9.6
4, Substitution errors 1 1.2 - - - - 1 6.6
5. Non-perception of acoustioal info - - - - - - - -
6. Non-perception of verbal info ' - . 2 3.8 - - 2 1.2
7. Failure to secure verbal info 1 12 - . - - 1 6.6
8. Non-perception of tactile info ) 1 1.2 - - - - 1 0.6
9. Nisinterpretation a/c attitude (vestibular) 6 7.0 - - - - 6 3.7
10. Misinterpretation a/c attitude (optic ref) - - - - - - - -
11, Misinterpretation a/c attitude (others) 13 . 15.1 L] 1.9 - - 1% 8.6
12. Misinterpretation geographical position 3 3.5 1 1.9 - - L) 2.5
13, Misinterpretation posit w ref to rvy 6 7.6 - - - - 6 3.7
14, Insufficient surveillance of airspace s 5.8 L3 7.7 2 6.7 " 6.8
15, Disregarding a/c pos in formation flight L) 4.7 - - 2 6.7 6 .37
16, Misinterpretation a/c pos in form flight 1 1.2 - - - - .1 6.6
17, Non-perception of a/c, others 3 35 & 7.7 - - 7 A3
18. Noasperception of ground-cbstacles 2 2.3 12 23.1 b 133 18 1.
19, Nisjudging flying altitude 17 19.8 16 19.2 2 6.7 29 179
20. Misjudging altitude and airspeed 3 3.5 1 1.9 2 6.7 6 3.7
21. Misjudging sirspeed 6 7.6 2 3.8 1 3.3 9 5.6
22, Misinterpretation of technical emergency L] .7 2 3.8 - - [ 3.7
'25. Noo/koo late recognition of esmerg situatiom 16 18.6 - - 2 6.7 18 1.1
24, Correst-uncéordinated/hurried reaction 13 15.1 2 38 1 3.3 16 9.0
25. Correct-delayed reactioca 12 14,0 9 173 b 133 25  15.4
26, No reaction 3 3. 3 5.8 2 6.7 8 b
27. False reaction ' 12 W6 5 96 1 3.3 18 1
28, Confusion of controls 2 2.3 - - 1 3.3 3 1.9
29. False verbal inforsation 3 35 - - - - 3 1.9
36, Failure to transmit necessary verbal info S 5.8 2 38 1 3.3 ] §.9
31, Flying at too high a speed R - 3 5.8 - - 3 1.9
32, False/incomplete norsal procedure th 16,3 13 25.0 9 308 36 22.2
33. Talse/incosplete emergency procedure 9 10.5 3 5.8 3 160 1" 9.3
34, Nou~perforsance of emergency procedure - - - - 2 6.7 2 1.2
35, Violation of minimum altitude 10 11.7 7 13¢5 b 133 21 13.6
36. Perforsance of probibited saneuvers 2 23 LI 2 7?7 33 13 8.0
37.. Failure to observe regulations .10 .7 2 - 23.1 9 3.0 31 19.1
38, Deficient knowledge of regulations - - 1 1.9 1 3.0 2 1.2
39. Deficient knowledge of procedures 1 1,2 1 1.9 3 16.0 S 3.4
40, Non-abortion of mission 2 2.3 b 27 2 6.7 [ I X ]
41. Poor flight planning .2 2.3 s 9.6 3 10.8 0 6.2

Note: The frequencies expressed in percent sust not be added, since one
and the same husan factor might have been classified under more
than one item. The frequencies relate to the nusber of pilots.
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this investigation, factor analysis was chosen in order to extract repre-
sentative clusters of factors from the large number of variables. Only 29 of
the 91 accident report variables were selected for analysis since they
accounted for a large proportion of the helicopter aircraft cases. The final
factors identified for both fixed and rotary wing aircraft pilot error were:

1. Disorientation 6. Limited experience

2. Over-confidence 7. Task oversaturation

3. Procedural decisions 8. Attention

4. Crew coordination 9. Other weather (helicopter)/

5. Precise multiple control Inadequate briefing (aircraft).

The identification of the nine error groups led Sanders and Hoffman (66)
Lo correlate them with specific personality traits. Cattell's Sixteen
Personality Factors Questionnaire (16 PF), the Mehrabian Achievement Scale,
and a dynamic Decision Making Task (under risk conditions) were administered
to 51 Army aviators, and the scores from these tests were correlated with
pilot-error accident involvement. While three of the 16 personality factors
in this sample were found to discriminate between accident related and
~accident unrelated behavior (the accident-free aviators were generally more
"self-sufficient", "imaginative", and "forthright"), this was not confirmed
by the results obtained from a second sample (67). Instead, the findings
indicated that individual differences in personality characteristics of the
aviators prevented consistent identification of traits associated with pilot
error groups. However, the "Adventure Scale" developed recently by Levine
et al. (47) in a study of attitudes and accidents aboard an aircraft carrier
correlated significantly with accidents in two samples of enlisted men and
aviators.

Human factors in Air Force aircraft accidents were classified by Lewis
(48) in eight major groups:

1. Supervisory factors

2. Preflight factors

3. Experience/training factors
4. Design factors

. Communication problems
Psychophysiological factors
Environmental factors

Other factors.

@~ O\

Of these, the psychophysiological factors shown in Table 17 and Table
18 are of special interest. Based on the frequency. of occurrence, such
behavior as "selected wrong course of action", "delay in taking necessary
action", "violation of flight discipline", "misjudged speed or distance", and
"channelized attention" contributed significantly to the accidents analyzed
by Lewis (48). Other highly involved factors were supervision ("poor crew
coordination") and limited experience or training ("failed to use accepted
procedure").
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TABLE 17. Psychophysiological Factors in 1971-1973 Air Force

Aircraft Accidents as Reported by Lewis (48)

Factor

Food Poisoning

Other Preexisting Disease/
Defect

Get-Homeitis

Hangover

Sleep Deprivation, Fatigue

Fatigue, Other

Missed Meals

Drugs Prescribed (Medical
Officer)

Drugs, Other

Alcohol

Visual Illusions

Unconsciousness

Disorientation/Vertigo

Hypoxia

Hyperventilation

Boredom

Inattention

Channelized Attention

Distraction

Preoccupation with Personal
Problems

Excess Motivation to Succeed

Overconfidence

Lack of Self-Confidence

Lack of Confidence in
Equipment

Apprehension

Panic

Other Psychophysiological
Factors

TOTAL

Occurrence by Year

1971

0

WNVMOOoONNCSODOCO cCoCcOoCo

NN OO

L
34 (9%)

o7 1973
0 0
0 0
0 0
1 0
0 0
1 0
0 0
0 0
0 0
1 0
2 3
1 V]
8 4
1 0
1 V]
0 0
5 5

10 6
9 9
0 0
2 2
1 2
0 (4]
2 0
5 0
1 0

5 3

56 (10%) 34 (10%)

TABLE 18. Non-Psychophysiological fFactors in 1971-1973

Alr Force Aircraft Accidents and Reported by Lewls (48)

Factor

Habit Interference, Used
Wrong Control

Confusion of Controls, Other

Misread Instrument(s)

Misinterpreted Instrument
Reading

Misled by Faulty Instrument

Visual Restriction by Equipment

Structure

Task Oversaturating

Inadequate Coordination or
Timing

Misjudged Speed or Distance

Selected Wrong Course of
Action

Delay in Taking Necessary
Action

Violation of Flight Discipline

Navigational Error

Inadvertent Operation, Self-
Induced

Inadvertent Operation,
Mechanically Induced

QOther Factors to be Considered

TOTAL

Occurrence by Year
1971 1972 1973

B NO NN

2
10
25
28
16

5

9

5
3

113 (30%)
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Six factors were identified by Dean and Thatcher (30) which elucidate the
dilemma of the pilots. They are:

Rapidity of events

Departures from preplanned parameters
Target acquisition

Time sharing

. Concentration of attention

Late realization or delayed reaction.

. e

NV W

TABLE 19. Fatal Accidents to Public Transport Aircraft

Over 5,700 kg (1962-1971 Inclusive) and reported by Shuckburg (77)

Distribution of predominant flight crew causal groups

CAUSAL GROUP PERCENTAGE

Incorrect operation in instrument

weather conditions 30%
Inadequate pre- and in-flight planning 20%
Poor judgment 17%
Lack of’ supervision 8%
Misuse of aircraft controls 7%
Errors by flight crew other than pilot 5%
Miscellaneous and undetermined 13%

A breakdown of flight crew causal factors derived from over 400 fatal
accidents to public transportation aircraft that occurred worldwide during the
period 1962-1971 yielded the results (77) presented in Table 19. The table
shows that the major cause of fatal accidents was the incorrect operation of
the aircraft in instrument weather conditions. This group included such
variables as the use of incorrect instrument procedures, operations in
weather conditions unsuitable for flight, and operation below authorized
minima.

Recently, investigators from the Aviation Research Laboratory of the
University of Illinois analyzed general aviation accidents in which pilots
were thought to be a contributing cause or factor (44). Statistics from the
NTSB Automated Aircraft Accident and Incident Information System from 1970
(DSN-A9000X70) through 1974 (DSN-A9000X74) were used in this analysis. Pilot
cause/factors from the NTSB data were classified into three behavioral cate-
gories, namely procedural, perceptual-motor, and decisional activities. Then
the numbers of both fatal and nonfatal accidents which occurred during the 5-
year period were determined for each of these categories. The results of the
analyses are shown in Table 20.

A classification such as that may provide somewhat arbitrary results
because, in many cases, cause/factors have been listed under more than one
behavioral category while others do not fit very well under any of the three
categories. The classification was therefore considered as preliminary by
the authors (44).
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Nevertheless, some useful information can be gained from an examination
of the statistics presented in Table 20. For instance, a majority of the
nonfatal pilot-caused accidents (57.2 percent) was the result of faulty
perceptual-motor behavior. The most significant factors were failure to main-
tain flying speed, misjudgment of distance, speed, altitude, or clearance, all
of which are included in the aspect of pilot judgment. On the other hand, a
majority of the fatal pilot-caused accidents (50.4 percent) were the result
of faulty decisional behavior. The most significant factors in this case
were the familiar "continued VFR into known adverse weather" and "inadequate
preflight planning or preparation" items. It is apparent from these figures
that deficiencies in "perceptual motor" and "decisional activities" resulted
in 95.4 percent of the accidents analyzed by the University of Illinois.

In evaluating the effect of faulty pilot judgment on general aviation
accident statistics, two aspects of the deciding function must be considered.
The first is the general judgment process which requires the pilot to make a
thorough evaluation of the available information based on his recollection of
previous experiences or pertinent knowledge. Included in this aspect of the
decisional functions are all items listed as "Decisional Activities". The
willingness of pilots to never exceed regulatory limitations, their ability to
properly evaluate all conditions affecting the safety of a given flight, and
‘their acceptance of safety margins accordingly are criteria of pilot judgment
which deserve high consideration and ranking within the hierarchy of pilot
judgment and decision capabilities.

The second aspect concerns actions in the perceptual-motor area. Here,
information is sensed, recognized, and transformed into actions. Under
certain conditions, particularly under time constraints, a thorough evaluation
of the information may be bypassed by the pilot, and a hasty decision to
manipulate the controls is made. Included in this category are distance,
speed, altitude, and clearance Judgments. It appears from the accident

statistics that both aspects of the deciding function are important to safe
flight. '

The authors of this study (44) concluded that every pilot has a flexible
decision or judgment tendency, which is based or brought about by attitudes,
phobias, priorities, motives, self-esteem, and other personality-related
factors. They contribute to the decision process in the flight situation.-
The inflight decision process is further complicated by the fact that flying
can be a very personal experience to certain people. High levels of emotional
involvement, whether in ordinary .or emergency flight situation, can affect
decision making adversely. In contrast, the pilot who always maintains the
ability to rank flight alternatives in their order of merit and acts
accordingly in all situations is thought to possess good judgment and thus
avoids accidents.
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TABLE 21. HMajor Categories of Error Conditions, Pilot Error, and Psychological Factors Involved in Aircraft Accldents

(The column on results of factor analysis is based on the factor amalysis of 21 variables selected by Ricketson et al. (64).)

Sequence or Incidence
of Occurrence

Trplementation Functions

Pilot Error
Conditions

Observed Erroneous
Behavior

Results of Factor
Analysis

Psychological Factors

Preflight Planning

Mission briefing
Servicing
Inspection
Weather briefing
Geography
Taxiing
Communication

flight Phase

Takeoff
Rotation

Climb

Departure
Communication
Flight control
Environmental
control
Orientation
Navigation

Solo flying
Formation flying
Cruise

Combat
Acrobatics
Hovering
Rendezvous
Holding

Inflight refueling

Landing Phase

Letdown

Approach
Go-around/Wave-off
Flare

Touchdown

Postflight Phase

Shutdown

Taxiing

Parking

Mission briefing

Acquisition of information
Selection of rules
VFR/IFR operations

Alr Traffic Control
Instructions & orders
Flight schedule

Cockpit procedures
Clearance procedures

Course selection
Systems operation
Transmission & reception
of information
Control of alrcraft
Instrument control
Control of airspace
Detection & correction of
unwanted states
Personal equipment
Technical procedures
Toxic gases & fumes
Acceleration forces
Noise & vibration
Heat, cold & windblast
Hypoxia & dysbarism
Speed (rapidity of events}
Visual restrictions
Lighting (including glare
and darkness)
Quantity, quality & flow
of communication
Workload
Cockpit design
Crew coordination
Sleep deprivation
Stress, hunger & fatigue
Target acquisition
Attack, defense & retreat
Alcohol, medication, drugs
Habit formation
Desynchronfzation
Sickness & injuries
Turbulence & windshear

Alrport and runway
conditions

Inadequate preflight
information/briefing
Inadequate weather
analysis

Nonperception of visual
signals

Faulty communication
Poor preflight inspection
Improper servicing,
refueling, fuel transfer
Improper start procedure

Improper transition
Flight beyond capacity
Hurried/delayed departure

Failure to follow proce-
dure {violation of rules
& discipline)

Misjudgment of altitude

Nonperception of ground
obstacles

Geographic dislocation
(disorientation)
Insufficient surveillance
of airspace

Disregard of position
during formation flight

Misjudgment of speed
and distance

Improper instrument or
navigatlon procedure

Uncoordinated actions

Poor instrument scan

Faulty instruments

tlisinterpretation of
instruments

Improper fuel management

Inadvertent or incorrect
operation or actuation
of controls

Failure to transmit
needed information

Inadequate coordination
or timing of action

Delayed actions

No or false reaction

False or incomplete
procedure

Misinterpretation of
emergency condition
False or incomplete
emergency procedure

Fallure to abort mission
Unfamiliar with aircraft
systems
Improper ordnance or
weapon handling

Wrong radioc channels
Poor monitoring or
supervision
Inattention, distraction
and channeled (narrow)
attention

Incomplete checklist
Wrong appreach plate
Misinterpretation of
position to runway

Taxiing & parking
without assistance
Poor brake and throttle
control .

Started without proper
assistance

Selected wrong course of
action

Taxied without proper
assistance

Rotated prematurely

Failed to retract landing
gear

Delayed or failed to abort
takeoff

Misused or failed to use
flaps

Inadvertently or prematurely
retracted landing gear
Failed to use or incorrectly
used equipment

Became confused, disoriented
& lost

Failed to see and avold
obstacles and aircraft

fFailed to maintain speed
Failed to maintain
altitude

Misjudged distance, speed,

altitude or clearance
Falled to maintain proper
rotor RPM

Continued VFR into adverse
weather

Continued flight into
severe turbulence
Exceeded design limits
Misunderstood orders or
instructions

Exercised poor judgment,
operated carelessly
Failed to follow approved
procedures

Diverted attention from
operation of aircraft
Was preoccupied with
personal problems

Showed excessive motivation
to succeed

Was overconfident

Lacked self-confidence
Did not trust equipment
Became apprehensive and
panicked
Hyperventilated

Selected wrong runway
Selected unsuitable terraln
for landing

Delayed injtlal go-around
Falled to inform air
traffic control of actions
Failed to extend landing

ear
Failed to assure landing
gear down and locked

Parked without proper
instruction or assistance
Left alrcraft unattended
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and Other Weather

Tdentified by inadequate Foresight
briefing, weather, other (abllity to plan)
visual restriction,

faulty flight plan, and

inadequate weather

analysis}

Attention
“{identified by inatten- Perception

tion, distraction, {visual, auditory
confusion of controls & & tactual)
channeled attention) Attention
Disorientation

{Tdentified by dis- Orlentation
orientation, vertigo, (spatial and

visual restriction, haze/ geographic)
darkness, inadequate
weather analysis, faulty
flight plan, other
weather)

Overconfidence
{identifled by over-
confidence, violation
of flight discipline,
excessfve motivation,
to succeed, get-home-
itis)

Procedural Decisions

Identified by fallure
to use accepted proce-
dures, selected wrong
course of action,
inadverted operation,
violation of flight
discipline)

Crew Coordination
{1dentified by inade-
quate briefing, poor
crew coordination,
inattention)

Precise Multiple Control
{identified by inade-
quate coordination or
timing, misjudgment of
speed or distance, delay
in taking necessary
actlon, limited recent
or total flight
experience)

Limited Experience
udent“Eed by limited
total experience, limited
recent experience,
excessive wotivation to
succeed, inadequate
transition, confusion of
controls, other, and
apprehension)

Task Oversaturation
t! strac-
tlon, channelized
attention, task
oversaturation,
apprehension, fatigue,
other} :

Seif-discipline
Self-confidence
Motivation

Decision making
Judgment,
Self-discipline

Attention
Interpersonnel
relations

Hotor control
Sensorimotor skill
Multiple reactions
Response time
Flight experience
Spatial relations

Flight experience
Motivation
Calmness/composure
Stamina

Channel capacity
Stamina




C. Essential Psychological Factors. The data in Tables 14 through 20
were systematically grouped and listed in Table 21. The left column in this
survey table shows the phases of operations or flight during which the
incidents and accidents occurred. It is also an arrangement of the pilot
errors in the sequence of operation. The concept of "implementation functions"
listed in the second column was adopted from Barnhart, et al. (12). They
indicate the major items, actions, and procedures necessary for or involved
in the execution of the phases shown in column one. The pilot error condi-
tions given in the third column are also arranged in a sequential or time-line
fashion and depict potential failure causes or faulty procedures. They are
expanded in the fourth column to describe in more detail the erroneous pilot
behavior. The fifth column contains the results of the factor analysis of
the accident report variables extracted by Ricketson et al. (64) and listed in
Table 16. They produced the nine distinct, meaningful, and representative
aircraft and helicopter factors listed in the fifth column. The psychological
factors shown in the last column on Table 21 were deduced primarily from these
factors, but also from other major factors contained in Tables 14 through 20.

Since we are dealing again with input obtained from various sources,
weights or rank orders were not established for the final 17 factors in column
six of Table 21.

By comparing the results of the two survey tables (columns six in Tables
13 and 21), the following seven common factors were found:

. Perception
Attention/Vigilance
Reaction time

Learning

Decision making
Interest and motivation
. Interpersonal relations

NON\ W
e e o L]

There are three additional common factor areas in Tables 13 and 21,
namely

8. Cognition and mentation (which include such factors as judgment,
foresight, and channel capacity)

9. Personality (which includes self-confidence, self-sufficiency,
composure, and thoroughness)

10. Precise multiple control (which includes sensorimotor skill
and motor action)

Two additional factors not common to both tables were deduced, namely:

11. Orientation
12. Stamina.
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I. Perceptual Factors

A.
B.
C.

TABLE 23,

Human Factors Related to Flight Safe%y

(Major Psychophysiological Parameters)

Visual Perception
Tactual Perception
Hearing

II. Mental Factors

III.

Sensorimotor Factors

MmO O >

Reaction Time

Eye-Hand Coordination
Manual Control, Tracking
Frequency Response
Complex Performance

A. Alertness, Vigilance IV. Neurophysiological Factors

B. Attention

C. Cognition A. Neuromuscular Transmission
D. Memory B. Neuromuscular Tension

E. Learning C. Acceleration Tolerance

F. General Intelligence D. Work Capacity

G. Communication E. Stress and Fatigue Tolerance
H. Time Sharing

V. Personality Factors

Motivation

Temperament

Personality Structure
Attitude, Interest, Morale
Experience

mMooom>»
PP

It is interesting to note that the analysis of the human errors involved
in aircraft accidents yielded several additional factors and a greater variety
of variables than were obtained by the analysis of successful pilot behavior.

Finally, the results of our own taxonomy concerning human factors
involved in aircraft accidents as well as those found in successful pilots
will be presented. The survey of the pertinent literature previously
presented in our first report of this series (40) yielded 135 safety related
variables as displayed in Table 22. By collapsing the system and by combining
the closely related variables, 26 major psychological and psychophysiological
factors were obtained as shown in Table 23. They are grouped into five major
categories in accordance with the classification system outlined in our
earlier study (40).

A comparison of Tables 21 and 23 shows the similarity of the results of
these taxonomies. With the exception of the factor "orientation", all other
major factors can be found in both tables. By using our technique of combin-
ing factors of similar or related characteristics or content, we arrive at the
following set of major psychological factors, which appear to be representative
of and essential to pilot performance:

1. Perception. This factor includes sensing and perceiving visual,
auditory, tactual, and other stimuli, signals, and information
as well as the observation, detection, and visualization processes.
2. Attention. This factor includes alertness, vigilance, watch-
keeping, span, channel capacity, and time-sharing functions.
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3. Reaction. This factor includes reaction time and discrete, serial,
and multiple task responses.

4. Orientation. This factor includes bodily, spatial, and geographic
orientation.

5. Sensorimotor. This factor includes eye-hand coordination,
finger dexterity, speed and accuracy of muscular activities,
tracking, and precise multiple control.

6. Stamina. This factor includes body strength, physical, and
emotional endurance, acceleration tolerance, work capacity,
resourcefulness, and stress and fatigue tolerance.

7. Cognition/Mentation. This factor includes acquisition and process-
ing of information, thinking, concept formation, deductive and
inductive reasoning, finding and establishing of relations,
judgment, foresight, planning, and problem solving. ' ‘

8. Experience. This factor includes memory, conditiqning; habit
formation, situational and personal adjustment, management, and
procedural actions. h ‘

9. Interpersonal Relations. This factor includes communication,
working with others, accepting personal and organizational =
responsibility, supervision, living and working with others,
and crew coordination. o '

10. Personality. This factor includes self-confidence, self-
sufficiency, self-discipline, calmness, composure, risk-taking,
thoroughness, attitudes, leadership, and morale.

11. Learning. This factor includes memory functions (both short and
Tong term), remembering written and verbal material, objects,
courses of action and relationships; as well as acquiring
information from various sources and following procedures based
on acquired and learned information.

12. Decision Making. This factor consists of selecting and
formulating from a variety of possibilities or a limited number
of alternatives a course of action with the intent of executing
it. Hence, this factor can be considered independent of
cognition/mentation, since decisions can be made for other than
logical reasons and contain an intent component beyond the
reasoning and judgment state.

In our first report (40) in this series on functional aging, we surveyed
studies concerned with age-related psychological functions; a brief review of
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the major conclusions we presented in that report seems to be in order here.
The review is organized in terms of the twelve factors described above.

1. In general, all sensory threshold sensitivities and the perceptual
functions decline with age and complex perception is less accurate and
flexible in older people. For visual and auditory perception, the decline
involves the peripheral organs and the higher nervous centers. Touch
sensation and taste, vibration, and pain sensitivity decrease with increasing
age.

2. Surprisingly little is known about the effect of age on alertness,
attention, vigilance, and watchkeeping. Bell and Provins (13) found that
peripheral attention was affected by aging. One would assume that older
people are less alert and attentive than younger ones and lose their vigilance -
during watchkeeping. Indeed, vigilance falls more rapidly in old persons,
but in the early stages of watching for signals, there seems to be no
difference between older and younger test subjects (39). The ability to
recognize and use structure in attending to redundant stimuli or monotonous
tasks also decreases with age. Similarly, attention and time-sharing during
task performance declines with age.

3. It has been established beyond doubt that reaction time as a single,
isolated factor increases as a function of age. This age-related slowing
cannot be attributed to a slowdown of the neural transmission processes but
seems to be due mostly to a slower decision making component of the response
mechanism. Performance decrements in continuous reaction tasks generally
show the same trend and probably are of the same nature. As task complexity
increases, the age differences also tend to increase.

4. The orientation (and disorientation) factor is complex and difficult
to deal with. A very gross analysis of the conditions under which it has
been observed and analyzed in flight accident reports reveal at least two
more or less related dimensions, namely spatial orientation and geographic
orientation. Ricketson et al. (64) tell us that as to the consequences of
disorientation: '"these mishaps were catastrophic which seems to indicate
that the pilots were unaware of or unable to determine their geographic or
spatial orientation.”

Recently, Kirkham et al. (45) reviewed the statistics of spatial
disorientation in civil aviation accidents. They state that spatial
disorientation occurs most often in instrument flight conditions created by
rain, fog, clouds, dark nights, and changes from instrument to visual flight
and back to IFR conditions. It is also known that excessive head movements
which induce strong vestibular stimulation can aggravate the untoward effects
by generating all sorts of illusions and vertigo. The pilot can become lost
any time the outside visual reference is lost, such as during map readings,
changing a radio frequency, searching an approach plate or navigational fix,
fuel management, or whatever may distract his attention from outside scanning.
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It is well known that spatial disorientation may occur in other than adverse
weather conditions; but the most devastating consequences are often weather
related.

Without getting too much involved in the basic scientific problems which
are still unresolved, it must be pointed out that orientation in flight °
depends upon the perception of the complex and continually changing patterns
of visual stimuli, vestibular input, and other sensory information furnished
by various sense modalities. In spatial orientation under conditions of rest,
the sensations received through the eyes and the so-called gravireceptors (in
particular, the otolithic system) are in accord for the perception of
verticality; i.e., one usually knows what is up and down. In contrast, there
can be a considerable difference between the impressions furnished by the two
sensory systems in the state of motion. This discrepancy may be due to the
morphological and functional characteristics of the two systems; one
registering photochemically, the other one mechanically.

Although the sensitivity of the vestibular apparatus is important for the
accurate orientation of pilots, its function can adversely affect their
tolerance to motion because of the close connections with the deep centers of
the brain stem. Vestibular stimulation by irregular (as to intensity and
direction) accelerations excite well-established reflex mechanisms. This may
elicit disturbing processes concerning the central nervous control of the
physical equilibrium resulting in disorientation, visual and spatial illu-
sions, and perhaps vertigo. According to their latest statistics, Kirkham
et al. (45) report that 16 percent of all fatal accidents in general aviation
aircraft had spatial disorientation as a cause factor durihg the period 1968
through 1975. '

In contrast, geographic disorientation seems to be quite different from
spatial disorientation as to etiology and experience. It also may occur
during periods of cockpit involvement or inattention. During VFR procedures,
the visual reference is usually provided by the ground pattern, cloud forma-
tions or, as in dead-reckoning, by identifying ground features and comparing
them with those available from the navigational chart. When these cues are
lost or misinterpreted, the pilot may be lost, too. Ricketson et al. (64)
found that most of the disorientation events they analyzed occurred in heli-
copter pilots under VFR clearances, suggesting that pilots expected to main-
tain visual contact with the ground or horizon. However, the presence of
inadequate weather analysis appeared to indicate that atmospheric obscurations
occurred, which the pilots should have successfully dealt with, either before
or after they were encountered. The airplane cases analyzed had much in
common with the helicopter cases in regard to factor and background variables,
but they had a higher factor loading on "faulty flight plan" (64). Although
general aviation aircraft -are "lost" practically every day (but guided to a
safe landing by air traffic control), only about 2 percent of fatalities are
caused by geographic disorientation. Perhaps this is the reason why so little
has been done by psychologists to 1lift the veil of mystery as to etiology and
underlying functions (86).

41




One of the still open questions concerns the relationship between spatial
and geographic orientation. Is there any relationship? Do people who are
easily confused about what is up and down also become easily confused about
where .they are, where they are going, and where other things are? As a
matter of fact, of 78 Royal Air Force aviators studied by Benson (14), 36 had
false perception of aircraft orientation, 29 had a disordered perception of
their relationship to the aircraft or to the ground, and 11 experienced both
types of disorientation. Some of these pilots reported a "feeling of
detachment and isolation, frequently associated with flight at high altitude
during relatively undemanding phases of the flight". This is different from
the feeling of being lost and not necessarily related to geographic
disorientation which may also occur during short flights at low altitude.

The observation in this latter case that the pilot had simply erred and
committed a navigational error, does not contribute to the explanation of the
phenomenon (32). And there are other problems. Is the ability always to
know where one is and where one is going inborn or, as they say today,
genetically determined, or is it learned? If learned, is it easily learned
or established through an intensive or intricate mental process? Migrating
birds or caribou do not have to have a diploma from navigator school. They
must be extremely smart to understand celestial navigation. Thus, is the
ability to orient oneself within a given environment a matter of establishing
direction, time, and space relations between oneself and a set or sets of
exterior objects and circumstances, which would put it into the category of
logical thinking and mentation, or can it be classified as instinctive
behavior? There are, to my knowledge, no definite and generally accepted
answers to these questions. There are no accepted ways of measuring
orientation ability or skill. An early attempt by German aviation psycholo-
?ists to test it as part of their pilot selection battery was not successful
39).

Collins (25-28) who studied the phenomenon of spatial disorientation and
its implication on pilot performance and certification over a period of 15
years, concluded recently that most of the manifestations of disorientation
occur as a result of the normal, rather than the abnormal, functioning of the
vestibular system in motion environments and are caused by a lack of visual
information about objects fixed relative to Earth. And he continues: "While
clearly unhealthy vestibular or equilibrium systems could conceivably increase
the likelihood or severity of disruptive (and dangerous) orientation
experiences in flight, the majority of orientation-related incidents and fatal
accidents in general aviation are probably attributable to normal vestibular
functioning coupled with inadequate instrument flying skills and questionable
judgment about safe flying conditions." General aviation flying schools
appear to have considerable room for improvement in training pilots regarding
spatial orientation (27).

In 1977, Booze (19) analyzed the effects of age and experience on

general aviation pilots involved in fatal weather-related accidents with
spatial disorientation as a cause/factor. His statistics were based on the
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TABLE 24. Relationship Between Fatal Disorientation Accidents
and Age of the Pilots for the Period From 1970 through

1975 (Rates Per 10,000 Airmen)

Age Group Population Frequency Rate Annual Rate

20 - 29 | 258,297 91 3.5 0.58
30 - 39 209,714 167 8.0 1.33
40 - 49 168,886 179 10.5 1.75
50 - 59 89,889 9% 10.4 1.73
60 + 16,656 21 12.6 2.10

figures provided by the National Transportation Safety Board for the é-year
period from 1970 through 1975. The results are shown in Table 24 in which,
it should be noted, the figures were not corrected for exposure. However, it
appears from a preliminary calculation, that such a correction would not
change the trend of increased accident rates with the increasing age of the
disoriented pilots contained in this table. And age-related changes in
vestibular function were reported by Van der Laan (90) in a group of subjects
ranging from 2 to 90 years of age.

5. The sensorimotor performance of older subjects was found to be
substantially worse than that of the younger ones. The difference was due
particularly to the longer time required for discriminating the stimulus and
for the decision making process. The older people also responded more slowly
when advanced information on signal appearance was available. Functionally,
the inferior performance of the elderly on sensorimotor tasks was interpreted
as reflecting a change of the general speed factor which underlies most
perceptual and neural processes (17).

6. There is an age-related decrease of muscular or mechanical efficiency,

physical strength, endurance, and stamina. The cardiovascular reflexes, which
adapt the blood circulation to muscular and heavy aerobic work, also seem to
be affected. The skeletal-muscle mass decreases with increasing age.

Reduced sex hormone production, a decrement of thyroid hormone output, and
intracellular changes may also be involved in the physical deterioration of
older persons. By far the most frequent change of behavior and stamina is the
increased susceptibility of older persons to fatigue. It may reach the
extreme by causing the older person to fall asleep on the job or to become
almost inoperative while awake. However, fatigue is not a purely physio-
logical reaction, since motivational and situational influences can either
enhance or reduce fatigue.
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7. One of the best established findings is that there are age differ-
ences in intelligence and mental functions, but all mental abilities are not
equally affected by age. Primary abilities classified by Horn and Cattell
(42) as "primary fluid" which include associative memory, figural relations,
intellectual speed, induction, and intellectual level decline with age from
the early twenties; whereas the primaries classified as "primarily
crystallized", including such items as "ideation fluency, associational
fluency, experimental evaluation, mechanical knowledge, verbal comprehension,
and number facility" improved at least up to age 61 (42). Most of the "mixed
fluid-crystallized abilities", such as "logical evaluation, semantic rela-
tions, common word analogies, practical judgment, visualization abilities,
and general reasoning" declined after age 21. Fozard and Thomas (38) who
conducted many experiments on the effects of age on intelligence, abilities,
and skills summarized their findings: "There is some reason to believe that
mental abilities will deteriorate as the individual gets past 50, particularly
to the extent that tasks are speeded and to the extent that the test is
neutral or even interfered with by the individual's previous experience
outside the test situation". As task complexity increases, information
channel capacity decreases to reach a state of "mental overload" in older
persons sooner than in younger ones. Birren (17) believes that "slowness of

information processing with age is an issue directly involved in questions
about the basis of somatic changes with advancing age".

8. The influence of aging on experience is very difficult to establish.
Experience, as it is meant here, includes such functions as memory, learning,
- conditioning, and habit formation as well as personal and situational adjust-
ment factors. The "limited experience" factor extracted by Ricketson et al.
(64) shows only the negative side of the problem. Recently, Booze (18) has
explored the relationships between age, experience, and risk through an
analysis of aircraft accidents. Booze (18) points out that certain levels of
flight experience are required for the various airman ratings accorded by the
Federal Aviation Administration. Thus, one assumes that a beneficial effect
accrues with greater cumulative experience. However, at some point, cumula-
tive flight experience ceases to be an asset and becomes associated with
risk. As seen in the 1974 general aviation accident data presented in Figure
3, accident rates increased with cumulative exposure for all but the highest
exposure category where the drop is slight. Overconfidence and lack of
vigilance by high-time pilots have been cited as possible contributors to this
situation. Airline pilots, on the other hand, have the highest cumulative
experience of any group but continue to have low accident rates. As a rule,
they use more sophisticated equipment, both aircraft and navigational, and
have more professional help while performing their flight tasks. Their
preflight planning and the flight routine are likely to be more disciplined.

FAA regulations also require a minimum amount and type of recent flight
experience for an airman to be current. Some minimum recent experience is
thus considered necessary for the pilot to perform safely in the aviation
environment. One might logically extend this argument to the conclusion that
the greater the amount of recent experience one has, the safer he or she is

44



Rate Per 1,000 Airmen
2

20 - Recent Exposure
15 |~
/~‘~~
10 |~
-
5 b /....._._.’ Cumulative Exposure
7
o 1 1 1 ] 1 |
Recent Exposure 0-10 11-50 51-100 101-200 20! & Above
Cumulative Exposure 0-10  11-50 51-200 20I-1000 100I- 2000

2000 & Above
Exposure {Hours)

Figure 3. 1974 general aviation accident rates
by flight time as reported by Booze (18).

as a pilot. There are accident data available which seem to indicate that the
more current a pilot is, the less likely he is to have an accident (93).
However, the same patterns that are described for cumulative flight time
emerged for recent flight time in the statistical analysis. Greater recent
exposure to the general aviation flight environment resulted in a higher
degree of risk, as shown in Figure 3. Relative risk is defined by Booze (18)
as the ratio of accident rates among those with the characteristic to the
accident rate of those without the characteristic, e.g.,

Relative risk = accident rate among high age airmen
accident rate among all other airmen. -

From the literature and preceding discussion, it appears that age and flight
experience are important variables in regard to aviation accidents. Exposure
to the environment is obviously necessary to incur risk of accident. This
fact is, and always has been, indisputable. Hence, general aviation accident
rates increased in 1974 with an increase in cumulative flight experience for
the total population as shown in Figure k4. When the cumulative exposure
intervals in Figure 4 are considered separately, some increase in accident
experience with age is also noted for low experience levels. However, for
higher cumulative exposure, younger ages had much higher rates. Large numbers
of airmen in lower age groups at lower exposure intervals tended to weight the
total rates and produced low overall rates for younger ages: Well over one-
half of the airman population had cumulative experience of 200 hours or less,
while only one-third of the accidents were in this interval.
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consciousness, maturity, risk-taking, rigidity, and adaptability, that were
found in the various taxonomies but are not listed here as separate factors.
Motivation, experience, psychophysiological stability (stamina), even
learning, decision making, and personal relations are personality-dependent
variables, but they were identified as independent factors in this context.

Only a few of the personality variables were found to be age-related.

For example, a significant decrease in all measures of flexibility and a
significant increase in all measures of behavioral rigidity have been
reported. Lowered impulsivity and emotionality are frequently associated with
advancing age. Personality in its structural sense is remarkably stable during
the adult years in most respects, and responsibility as a trait or behavior
seems to increase at least up to age sixty. Individuals who are older now are
more likely to be introverted, more controlled, less energetic, lower on
?urgency, and have lower needs for achievement than people who are now young

38).

In summary, it appears that all of the twelve factors, which were
extracted or derived from the various task taxonomies and considered to be
essential for safe pilot performance, are age-related in one way or another.
The scientific "background" of these factors has been well established in most
cases, and the operational implications are known. The two factors which
deserve more exploration are "experience" and "orientation'. Particularly, in
the latter area, the etiology and the constituent psychological functions and
mechanisms which disrupt the pilot's awareness of his position, location, and
movement in space/time and thus cause disorientation, deserve further
exploration. We need to know why a pilot loses his- knowledge of attitude,
altitude, position, and direction while flying VFR or IFR, although reliable
visual cues from the ground or from his instruments are at his disposal and
his vestibular sensory input is intact.

V. Pilot Selection and Training.

Pilot performance has been extensively assessed, measured, and validated
in conjunction with pilot selection procedures. These procedures have
changed, however, in the recent past, and there is still a lot of experi-
menting, modeling, and evaluating in progress in order to improve the existing
procedures. Experience has shown that pilot selection is a dynamic process
that usually starts along academic lines when the candidates are screened and
tested in order to select out the apparently undesired ones and to determine
the chances of the accepted ones to successfully complete the training. The
process then continues as a more or less empirical selection consisting of
eliminating, rating, and grading the flight students at least up to the
advanced training phase.

It is not intended to discuss here the validity and reliability of the
selection and training programs for military or civilian aviators. Selection
procedures of various kinds are being used today in many countries and by
different military and civilian organizations. Psychological tests are an
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integral part of practically all of them. The purpose of this final part of
the present report is to discuss some of the attempts made by selection and
training specialists to analyze the correlations between the psychological
test scores and measures of performance or actual pilot proficiency, in order
to obtain information about the psychological functions and factors which
contribute to training success. As we will see, the direct correlations
between the test scores and final success as a pilot are not very high, but
they are useful. The hypothesis is that although the correlations between
the individual tests and the selection criteria may be small, together they
are likely to produce a multiple prediction of successful pilot performance.
Moreover, it is generally assumed that the greater the overlap between the
testing situation and the measure of success, the more likely the test will
have predictive value.

The pilot indoctrination program (PIP) of the United States Air Force
also identifies those cadets at the Air Force Academy who possess the basic
aptitude to become Air Force pilots. The purpose of this program is to
provide identification, at the least expensive time, of those applicants who
fail to meet the aptitude/attitude requirements necessary to complete under-
graduate pilot training. First of all, an applicant must attain a 25th
percentile (or higher) on the pilot composite and a minimum of the 10th
percentile on the navigator-technical composite of the Air Force Officer
Qualifying Test (AFOQT) (53,54). The AFOQT evolved from the Aircrew Classi-
fication Batteries of World War II and the Aviation - Cadet Officer - .
Candidate Qualifying Test of 1950. It is based ultimately on analyses of the
tasks required of student pilots, navigators, and officers. The 13 subtests
are briefly described below:

Quantitative Aptitude consists of items involving general mathematics,
arithmetic, reasoning, and interpretation of data read from tables and graphs.

Verbal Aptitude consists of items pertaining to vocabulary, verbal
anologies; reading comprehension, and understanding of the background
for world events.

Officer Biographical Inventory consists of items pertaining to past
experiences, preferences, and personality characteristics known to be
related to success in officer training.

Scale Reading consists of items in which readings are taken of.various
printed dials and gauges. Many of the items require fine discriminations on
nonlinear scales.

Aerial Landmarks consists of pairs of photographs of terrain as seen from
different positions of an aircraft in flight. Landmarks indicated on one
photograph are to be identified on the other.

General Science consists of items related to the basic principles of
physical science. The emphasis is on physics,but other sciences are also
represented.
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Mechanical Information consists of items pertaining to the construction,
use, and maintenance of machinery. Some of the items are concerned with the

use of tools.

Mechanical Principles consists of diagrams of two complex apparatus.
Understanding of how the apparatus operates, or the consequences of operating
it in a specified manner, is required.

Pilot Biographical Inventory consists of items pertaining to background
experiences related to success in pilot training.

Aviation Information consists of semi-technical items related to various
types of aircraft, components of aircraft, and operations involving aircraft.

Visualization of Maneuvers consists of items requiring identification of
the silhouette which expresses the attitude of an aircraft in flight after
executing a verbally described maneuver.

Instrument Comprehension consists of items similar to those in
Visualization of Maneuvers except that the maneuvers are indicated by reading
of a compass and artificial horizon.

Stick and Rudder Orientation consists of sets of photographs of terrain
as seen from an aircraft executing a maneuver. The proper manipulation of the
control stick and rudder bar to accomplish the maneuver must be indicated.

Miller's (53) development and standardization effort of the AFOQT
form M shows examples of difficulty levels and weight assignments for the
various test applications.

The AFOQT is periodically revised to incorporate improvements and changes
dictated by an ongoing program of psychometric research. An example of this
effort is the development of a new navigator - technical composite as described
in Valentine's (89) report of 1977. The analysis of results obtained from 45
noncognitive test scales and 17 experimental cognitive tests, along with AFOQT
data, against training success indicated that, of the noncognitive materials,
only the Personality Research Form had unique validity and was recommended for
further study. The report (89) also shows the many possibilities for
developing psychological tests for the measurement of aptitudes important in
the selection of officers for pilot and navigator training.

The usé of psychomotor tests in the U.S. Air Force pilot selection program
was discontinued in the early 1950's, although it was generally acknowledged
that the assessment of sensorimotor ability had validity for predicting
elimination from pilot training beyond that obtained from paper-and-pencil
tests. Therefore, two psychomotor tests, namely the Two-Hand Coordination
and the Complex Coordination tests, were validated as predictors of pilot
training success (51). The multiple correlation of complex coordination with
and without AFOQT test scores and three pilot training criteria, namely

51

53




personal interviews, peer ratings, previous experience as a pilot, and the
scores of psychological tests, the authors obtained rather constant inter-
relationships, some of which were of questionable validity, however. By
validating them against the pass/fail dichotomy of flight training, we
obtained the following factors of consequence:

Instrument interpretation Flight position

Rudder control Complex Coordination
Aviation information Visualization of maneuvers
Pilot experience Mechanical comprehension
Sensorimotor ability Sense of reality

When the results of other research conducted by the same scientists
were considered, there emerged two more factors, namely, peer rating of
"prominence" and flying grade.

The United States Navy has conducted several research studies concerning
the selection and training relationship of aircraft pilots. In the initial
selection process, the candidates are tested in five major areas, such as
intelligence, physical fitness, psychomotor abilities, mechanical compre-
hension, and background information. If the candidate is accepted, he faces
four major steps of training as a naval aviator: Primary training, basic
training, advanced training, and the replacement air group (RAG) training
program. Most research in this area has been devoted to the isolation of
abilities and skills and the prediction of success at the undergraduate level
of training. For example, Bair et al. (7) found that the best prediction of
preflight training performance was obtained with academic aptitude tests, but
that basic and advanced flight grades were most predictable through measure-
ments of perceptual abilities.

Bale et al. (9) identified predictors of a pass/fail criterion at the
RAG phase of training and recommended a continuous-type of performance
testing at the various stages of advancement. Three years later, the same
authors published a paper (8) concerning the relationship between performance
in the undergraduate phases of naval aviation training and the RAG phase.
The proportions of explained criterion variance among the various grades
clustered in terms of meaningful categories or '"training elements" are shown
in Table 27. These categories were obtained through an analysis of previously
defined training requirements (8). It can be seen that those measurements of
"mission/combat skills" accounted for the largest amount of explained
variance; whereas selection test scores and the results of academic tests and
physical training did not contribute much to the total. Bale et al. calcu-
lated the proportions of explained criterion variance displayed in Table 27
by using a forcing function in successive computations of R in a multiple
correlation test. This technique forced grades sequentially by cluster into

the R-computations so that percentages of explained variance could be
identified (8).
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TABLE 29. Rank Ordering of the Total Ratings of

Behavioral Factors Obtained by Stanley (80)

RATING
Behavioral Factors Effective Theffective Total Rank
Situation Awareness 85.5 76.7 162.2 1
Procedure Ability 77.6 76.2 153.8 2
Decision Making

Capacity 39.0 113.5 152.5 3
Determination/

Fixation 68.0 56.9 124.9 4
Stress Capacity 87.3 19.1 106.4 5
Lack of Preparation -- 38.2 38.2 6
Excessive Concern

with Self-Image -~ 28.6 28.6 7
Self-Confidence/

Overconfidence 9.7 19.2 26.9 8
Concern 9.7 19.0 26.7 9
Communication 19.4 - 19.4 10

A series of eight factor analyses was performed by means of principal
axis solution. The first analysis involved the total group with the
eleven-category special criterion. The remaining ones used various combi-
nations of subgroups and criteria. In general, six factors were identified
although only five emerged for certain subgroup combinations. Table 30 shows
the six factors and the clustering of test variables that consistently, across
groups, contributed to their identification and label. The "pr label means
the primary or highest factor loading within a factor and the "s" means
secondary or moderate factor loadings.

The six factors identified and interpreted by Ambler and Smith (4) are:

Factor I: '"Mechanical" (M). The Mechanical Knowledge and Mechanical
Comprehension Tests loaded the highest on Factor I. The Spatial Visualization
Test tended to load here also but with smaller loading values than the two
with the "P" level.

Factor II: "Spatial Manipulation" (SM) was defined by the Spatial
Orientation, the Spatial Visualization, and the Spatial Apperception Tests.
The hidden figures and the Mechanical Comprehension Tests were secondary
contributors.

Factor III: "Perceptual Flexibility" (PF). Here the primaries were
Numerical Operations, Perceptual Speed, and Hidden Figures. The secondaries
were Spatial Orientation and Spatial Visualization.

Factor IV: "Verbal Intelligence" (VI). Verbal Comprehension and the
Aviation Qualification Tests (AQT) were strong here with a little help from
General Reasoning.

57




d (I8) Aa0juaauy Teofydeaborg

d (1vs) uvoradeoaaddy teriedg
s s d (LOW) uoTsuayaadwo) TeoFueyosy
d d (10v) uoTieoTyyrend uorzeTAY
d s $9anbBT 4 uUappIH
s d afipamouy TeoTURYOSY
s d s UOTIRZTTeNSTA Teyieds
s d UoTIRIUSTI( TeTaedg
d paadg Tenjdsoaay
s d suoTjexadg TeOTIBUNY
d s butuoseay teIaUay
d uoTsuaysaduwo) Teqaap
UOTIRATION QouabyTT93uT douUabTTTIIIT AATTT9TX9T4 uotjerndyuey TeoTueyoay 3s9)
WBTTY IA TeoTIouNN A TeqIsp AT Ienidoodag 1771 yeraeds 11 I

siojoeq

(sbugpeot 103003 93PaspOW IO Azepuodas = s {sbBuipeor 20302y 3saybry Jo Azewyad = d)
(%) YaTws pue JoTquy Aq paArzag se

$I030B4 XIS 40 ORI J0) SIS3] SNOTIBA Y3 JO SuI9lIey Buypeoq Jojoey *0€ 318VL

58



Factor V: "Numerical Intelligence" (NI). General Reasoning and the
Aviation Qualification Test defined the factor with secondary support from
Numerical Operations and Mechanical Comprehension. The General Reasoning Test
presents verbally problems involving arithmetic solutions; there is evidence
that it contributes to both Factors IV and V. The AQT has both verbal and
mathematical content.

Factor VI: "Flight Motivation" (FM) was defined principally by the
Navy's Biographical Inventory (BI), which is a non-cognitive test empirically
constructed as a correlate of success in flight as opposed to failure or
voluntary withdrawal. Mechanical Knowledge was the secondary factor here
which probably is a reflection of mechanical or technical interest.

In addition to the identification of factors, the potential discrimina-
tory validity of each factor was defined for the Naval Flight Officer (NFO)
and pilot programs, and for various specialities within these programs.

A behavioral taxonomy of tasks and skills involved in U.S. Air Force
undergraduate pilot training (UPT) was done by Meyer et al. (52) in 1973-74.
The descriptions of flying tasks provided by a "surface analysis" permitted
the authors to identify the skills needed for the performance of these tasks.
To structure their surface analysis, a simple model of the flying process was

Outside World — Flight Environment Cues

Visual Non—Visual

1. Sky — Horizon 1. Air Turbulence
2. Weather 2. Gravity
3. Earth — Landmarks 3. Inertia

_{Mental Action Motor Action Performance
Cues Body Sensors otor Actt Standards

Aircraft Generated Cues

Visual Aural
1. Flight Instruments 1. Slip Stream Sounds
2. Inside References 2. Engine Sounds
3. Reconfiguration Sounds
Control Dynamics Motion
1. Control System 1.+or—G 4. Acceleration
2. Vibration 5. Deceleration

3. Buffeting 6. Pitch, Roll & Yaw

Figure 5. The pilot-aircraft paradigm developed
by Meyer, Laveson and Weissman (52).
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constructed (Figure 5). The human element in the model is represented by a
chain of cues and actions, where: '"Cues" (C) represent the environmental and
system stimuli which excite the sensory systems; "Mental Actions" (MA)
represent the cognition processes initiated by perceived stimulus cues,
preceding motor actions; and "Motor Actions" (MO) represent the physical
actions resulting in aircraft control movement. Meyer et al. (52) considered
this sequence of Cues - Mental Action - Motor Action (C-ME-MO) as a reasonable
format for analyzing tasks, and it was adopted by the authors throughout their
surface task analysis. The main concept of the analysis was that flying tasks
can be categorized into fundamental (F), composite (Cp), and continuous (Ct)
transitional processes.

By the application of simple rules, those behavioral elements which were
required for the performance of flying tasks involving some basic skills were
extracted from the taxonomy. The rules were developed specifically for this
application after careful examination of many behavioral classification
categories developed by previous researchers. A basic skill was defined as
the behavioral elements that are required to perform each task sequence. The
initial division in the classification methodology followed the surface
analysis structure and identified the parts of a skill in terms of a Cue,
Mental Action, or Motor Action segment. Each of these segments was further
subdivided into specific behavioral elements and descriptors. Table 31 shows
the final form of the categories available for each part of a skill determined
through many iterations.

Figure 6 is a schematic representation of the landing training task. It
was thought to incorporate about 80 percent of the landing skills including
the pertinent go-around skills the student was supposed to possess. The
authors concluded that the taxonomy provided a useful tool for the analysis
of this and other flying tasks. It apparently furnished specific
information needed to the understanding of flying skill requirements.

In a study to predict and corroborate flight performance of Italian
flight students, Ramacci (63) compared the results of psychological, physio-
logical, and operational assessments of a group of students made on the
ground and in the air. The psychological examination included numerical
operations, reaction time measurements, psychomotor coordination,
intelligence tests, and an interview. The operational test consisted of
performance assessment in flight simulators and during flight maneuvers in
aircraft. There was a modest correlation between the final flight evaluation
and the psychological test scores, but the closest agreement was found
?etyeen inflight performance and the results of the final operational test

63).

As is the case with most studies of personality characteristics of
aviators, a recent assessment of the factors involved was based on a clinical
instead of an experimental approach. For the benefit of psychiatric pilot
selection, Christy (29) pointed out that the motivation and conflicts of
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. Transition to descending turn,
lower flaps and maintain low
Reference Pt. cruise speed.

4. Transition to straight ahead
descent at low cruise using outside
referece line.

5. Transition to climb and raise flaps.

6. Transition to St&! flight trimmed
1. Enter St&I at cruise, trimmed. for cruise.

2. Transition to low cruise. 7. Transition to turn.

- P =] { S |

I

T\\_/f

7

SR —

 Reference Pt.

Figure 6. The landing training task as depicted by
Meyer et al. (52).
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flying involve many personality characteristics and traits which need careful
evaluation. He considered the mature, motivated, well-integrated individual
who has a good self-image, is curious, active, and able to cope with the
demands of life, as the achiever of adequate or better pilot performance. He
accepted a rather rigid personality, up to a point, as a positive asset in a
flying career; but he scored the compulsive, perfectionistic person as one who
will fail in this career. By putting words and meaning together, we arrive at
the following desired personality traits:

1. Intelligence 5. Rigidity or emotional stability
2. Maturity 6. Alertness

3. Adaptability 7. Stress resistance

4, TIndependence 8. Motivation to fly.

Christy (29) also pointed out that with aging or psychosocial stress,
the pilot who is marginal in ability and motivation may change toward the
negative: Decompensation of fear and anxieties with breakdown of personality
and psychological defenses, loss of self-esteem and relationship with others,
may occur during the later years and threaten the pilot's proficiency.

Recent efforts made by various investigators to identify and measure the
psychological factors which were thought to be essential for success or
failure in pilot selection and training were surveyed in the preceding
paragraphs. By using examples from the military services, it was shown that
it is not only possible to identify such factors, but also to delineate the
methods or techniques, which have been applied successfully for the isolation,
testing, and quantification of such factors, abilities, and skills. The
findings suggest that skills can be identified and procedures can be developed
which are effective in selecting potentially successful flight students and
highly predictive of future pilot performance. The twelve factors identified
earlier as essential to flight safety also appear to be associated with the
selection and training criteria. In addition, two more factors can be
isolated from these studies:

13. Mechanical Aptitude. This factor includes mechanical comprehension,
handling tools and equipment, visualization of mechanical relations,
detecting and locating malfunctions in instruments, and fabricating,
assembling, and repairing (faulty) equipment.

14, Flight Motivation. This factor includes the intention to become a
pilot, to fly and be active in aviation, to overcome difficulties,
hardships, and risks involved in flying, and to succeed as an
aviator under all circumstances ("keep my license").

Another factor, maturity, seems to have some validity in the psychiatric
assessment of the pilot's personality. Since it has not been identified by
factor analytical techniques, however, it may be considered as a second or
third-order factor highly loaded with related personality variables, such as
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experience, judgment, foresight, and self-discipline. Thus, its elements are
largely covered by the variables of the other 14 factors.

As to the relationship between the last two factors and aging, only a
few data are available. Performance on three mechanical aptitude tests,
namely "Dissemble", "Tool Matching", and "Turn", the latter requiring the
manipulation of small objects, decreased significantly with age (37). It is
not surprising that performance on tasks involving manual and finger
dexterity decline with age (as Welford had already shown in 1959) (see 40).
The tool matching task required the subjects to identify tools from pictures
in a set of five; and this task is more of a perceptual nature than a test of
mechanical aptitude. Results of factor analytical studies of the General
Aptitude Test Battery indicated that the "Tool Matching" subtest is related
to a different set of abilities than either "Disassemble" or "Turn" and does
not measure mechanical ability. This is clearly indicated in the studies
conducted by Nuttal and Fozard in 1971, and by Fozard, Nuttal, and Waugh in
1972 (see 40).

Finally, it should be mentioned that the motivation to fly also seems to
be negatively affected by aging. It has been pointed out by one investigator
that the man in a strict flying job has little in the way of advancement and
long-range motivation other than his emotional attachment to flying. There
comes a time in every aviator's career when a lot of self-discipline and sense
of duty must compensate for a decline of the emotional component (76). This
seems to be even more the case in non-military and non-commercial pilots.
Verra et al. (91) studied the nature and causes of loss of motivation in 600
French light plane pilots (including glider pilots). Based on the responses
to a questionnaire concerning the reason for keeping up their flying
activities, the authors found a drastic drop in annual flying hours as early
as 2 years after obtaining the license and a steady decline and shift of
motivating factors after about 8 years. They conclude that this process may
be, at least partly, related to the effect of aging (91).

VI. Summary and Conclusions.

The purpose of this report was to survey, summarize, and discuss the
information available on the psychological and psychophysiological attributes,
processes, functions, and factors which are associated with pilot performance,
age, and proficiency. This was done by reviewing the many taxonomies of
successful and nonsuccessful pilot behavior, the identification of the human
factors involved, and the analysis of the important variables, operational
demands, skills, abilities, and personality traits. This included the
attempts made by selection and training specialists to establish correlations
between psychological testing and training criteria and the operational
demands which are often used to measure training success.

Means and methods have been used successfully in the past to define pilot
behavior in terms of testable traits. Although the correlations between the
psychological test scores and the final criteria - whatever they may have
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been - are not impressively high, they seem to serve their intended purpose,
namely to predict pilot performance within certain limitations. These
limitations are, to a large degree, due to the variability of pilot behavior
and traits as well as to operational demands which cannot be fully predicted
or controlled at this time. It has been shown, however, that there exists a
variety of psychometric, psychological, and operational techniques available
which may be employed to overcome this difficulty; those techniques range from
such simple tools as paper and pencil tests, through the more complex psycho-
motor machines to the most sophisticated flight simulators and actual
proficiency checks in advanced aircraft. If properly applied, they may be
employed for the objective, or at least quantitative assessment of pilot
performance.

Newer attempts are being made to assess pilot performance during the
training phase and through the total career of the aviator. Through these
efforts, tests, and assessment techniques, insight has been gained into the
psychological variables and factors which determine career progression and
success of the aviator. By using the information collected by many
investigators, a total of 14 factors was identified in this study which are
assumed to be essential for successful pilot performance. These factors are:
1) perception, 2) attention, 3) reaction, 4) orientation, 5) sensorimotor,

6) stamina, 7) cognition/mentation, 8) experience, 9) interpersonal relations,

10) personality, 11) learning, 12) decision making, 13) mechanical aptitude,
and 14) motivation.

In almost all cases, these factors were shown to be age-related, rather
independent of each other, and well understood. However, there are a few
exceptions where more information is needed in regard to their physiological
and psychological components or variables, as well as to their relationship
with age and aging. No attempt was made to assign weights to these factors or
to rate them with respect to their priority.

65




10.

11.

12.

References

Altman, 3. W.: Improvements Needed in a Central Store of Human
Performance Data. HUMAN FACTORS, 6:681-686, 1964.

Alluisi, E. A.: Methodology in the Use of Synthetic Tasks to Assess
Complex Performances. HUMAN FACTORS, 9:375-384, 1967.

Alluisi, E. A.: Pilot Performance: Research on the Assessment of
Complex Human Performance. National Aeronautics and Space
Administration Report No. NASA-SP-209, 1968.

Ambler, R. K., and M. J. Smith: Differentiating Aptitude Factors Among
Current Aviation Specialties. Naval Aerospace Medical Research
Laboratory, Pensacola, Florida; Report No. NAMRL-1207, August 1974.

Armsby, D. H.: Task Demand Analysis. HUMAN FACTORS, 4:381-387, 1962.

Back, K. W., and L. B. Bourque: Life Graphs: Aging and Cohort Effects.
JOURNAL OF GERONTOLOGY, 25:249-255, 1970.

Bair, J. T., R. F. Lockman, and C. T. Martoccia: Validity and Factor
Analysis of Naval Air Training Predictor and Criterion Measures.
JOURNAL OF APPLIED PSYCHOLOGY, 40:213-219, 1956.

Bale, R. M., G. M. Rickus, and R. K. Ambler: Prediction of Advanced
Level of Aviation Performance Criteria from Early Training and
Selection Variables. JOURNAL OF APPLIED PSYCHOLOGY, 58:347-350, 1973.

Bale, R. M., G. M. Rickus, Jr., and R. K. Ambler: Replacement Air Group
Performance as a Criterion for Naval Aviation Training. Naval Aerospace
Medical Research Laboratory, Pensacola, Florida; Report No. NAMRL-1126,
December 1970.

Baltes, P. B., and J. R. Nesselroade: The Developmental Analysis of
Individual Differences on Multiple Measures. In J. R. Nesselroade and
H. W. Reese (Eds.), Life-Span Developmental Psychology, Methodological

Issues. New York and London, Academic Press, 1973.

Baltes, P. B., and K. W. Schaie: On the Plasticity of Intelligence in
Adulthood and 0ld Age. AMERICAN PSYCHOLOGIST, 31:720-725, 1976.

Barnhart, W., C. Billings, J. Cooper, R. Gilstrup, J. Lauber, H. Orlady,
B. Puskas, and W. Stephens: A Method for the Study of Human Factors in
Aircraft Operations. National Aeronautics and Space Administration
Report No. NASA-TM X-62, 472; and Army Research Center, Moffett Field,
California, September 1975.

66



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Bell, C. R., and K. A. Provins: Peripheral Attention of Two Age Groups
in Hot Conditions. JOURNAL OF GERONTOLOGY, 20:72-75, 1965.

Benson, A. J.: Spatial Disorientation and the "Break-Off" Phenomenon.
AEROSPACE MEDICINE, 44:944-952, 1973.

Berliner, C., D. Angell, and J. W. Schearer: Behaviors, Measures, and
Instruments for Performance Evaluation in Simulated Environments.
Paper presented at the Symposium and Workshop on the Quantification of
Human Performance, M-5, 7 Subcommittee, Electronic Industries
Association, Washington, D.C., 1964.

Birren, J. E.: Toward an Experimental Psychology of Aging. AMERICAN
PSYCHOLOGIST, 25:124-135, 1970. '

Birren, J. E.: Translations in Gerontology - From Lab to Life:
Psychophysiology and Speed of Response. AMERICAN PSYCHOLOGIST,
29:808-815, 1974.

Booze, C. F., Jr.: An Epidemiological Investigation of Occupation, Age,
and Exposure in General Aviation Accidents. FAA Office -of Aviation
Medicine Report No. FAA-AM-77-10, March 1977.

Booze, C. F.: Personal Communications (1977).

Botwinick, J.: Aging and Behavior. New York, Springer Publishing
Company, 1973.

Brictson, C. A., W. J. Burger, and T. Gallagher: Prediction of Pilot
Performance During Initial Carrier Landing Qualifications. AEROSPACE
MEDICINE, 43:483-487, 1972.

Burney, S. W.: Laboratory Functional Age. AGING AND HUMAN DEVELOPMENT,
3:189-194, 1972.

Buss, A. B.: An Extension of Developmental Models That Separate
Ontogenetic Changes and Cohort Differences. PSYCHOLOGICAL BULLETIN,
80:466-479, 1973.

Chiles, W. D., E. A. Alluisi, and 0. S. Adams: Work Schedules and
Performance During Confinement. HUMAN FACTORS, 10:143-196, 1968.

Collins, W. E.: Effective Approaches to Disorientation Familiarization

for Aviation Personnel. FAA Office of Aviation Medicine Report No.
FAA-AM-70-17, November 1970.

67




26.

27.

28.

29.

30.

31'

32.

33.

34,

35.

36.

37.

Collins, W. E.: Manipulation of Arousal and Its Effects on Human
Vestibular Nystagmus Induced by Caloric Irrigation and Angular Accelera-
tions. FAA Office of Aviation Medicine Report No. 62-17, October 1962.

Collins, W. E., A. H. Hasbrook, A. 0. Lennon, and D. J. Gay: Disorien-
tation Training in FAA-Certificated Flight and Ground Schools: A
Survey. FAA Office of Aviation Medicine Report No. FAA-AM-77-24,
September 1977.

Collins, W. E., A. L. Lennon, and E. J. Grimm: The Use of Vestibular
Tests in Civil Aviation Medical Examinations: Survey of Practices and

Proposals by Aviation Medical Examiners. FAA Office of Aviation Medicine
Report No. FAA-AM-75-4, April 1975.

Christy, R. L.: Personality Factors in Selection and Flight Proficiency.
AVIATION, SPACE, AND ENVIRONMENTAL MEDICINE, 46:309-311, 1975.

Dean, P. J., and R. F. Thatcher: Joint Committee on Aviation Pathology:
V. Analysis of Human Factors in Aircraft Accidents. AVIATION, SPACE,
AND ENVIRONMENTAL MEDICINE, 46:1260-1262, 1975.

Dirken, J. M.: A Tentative Judgment About the "Yard Stick" for
Functional Age. MENS EN ONDERNEM, 22:342-351, 1968.

Dudani, N. G.: Study of Indian Naval Aircrew Experience and Psychic
Factors in Disorientation. REVUE DE MEDECINE AERONAUTIQUE ET SPATIALE,
45:79-81, 1973.

Falkenberg, B.: Pilot Factor in Aircraft Accidents of the German
Federal Armed Forces. In Behavioral Aspects of Aircraft Accidents,
AGARD CP-132, Cl-1, 1973.

Flanagan, J. C.: The Critical Incident Technique. PSYCHOLOGICAL
BULLETIN, 591:327-358, 1954,

Fleishman, E. A.: Performance Assessment Based on an Empirically
Derived Task Taxonomy. HUMAN FACTORS, 9:349-366, 1967.

Flexman, R. E.: A New Approach to Meeting the Airline Pilot Training
Requirement. AIAA Paper No. 67-387, AIAA Commercial Aircraft Design and
Operations Meeting, Los Angeles, California, June 12-14, 1967.

Fozard, J. L.: Predicting Age in the Adult Years From Psychological
Assessment of Abilities and Personality. AGING AND HUMAN DEVELOPMENT,
3:175-194, 1972.

68



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Fozard, J. L. and 3. C. Thomas, Jr.: Psychology of Aging: Basic Find-
ings and Some Psychiatric Applications. In Modern Perspectives in the
Psychiatry of 0ld Age, J. G. Howells (Ed.), New York, Brunner/Mazel,

Inc., 1975.

Gerathewohl, S. J.: Psychological Examinations for Selection and
Training of Fliers. In German Aviation Medicine World War II, Vol. 2,
Chapter XI-B,Washington, D.C., Government Printing Office, 1950.

Gerathewohl, S. J.: Psychophysiological Effects of Aging - Developing a
Functional Age Index for Pilots: I. A Survey of the Pertinent
Literature. FAA Office of Aviation Medicine Report No. FAA-AM-77-6,

April 1977.

Glanzer, M., R. Glaser, and M. Richlin: Development of a Test Battery
for Study of Age-Related Changes in Intellectual and Perceptual
Abilities. A.U. School of Aviation Medicine Report No. 56-138, USAF,
Randolph Field, Texas, 1958.

Horn, J. L., and R. B. Cattell: Age Differences in Primary Mental
Ability Factors. JOURNAL OF GERONTOLOGY, 21:210-220, 1966.

Horn, J. L., and G. Donaldson: On the Myth of Intellectual Decline in
Adulthood. AMERICAN PSYCHOLOGIST, 31:701-719, 1976.

Jensen, R. S., R. A. Benel, R. T. Durst, and M. J. Kelly: Judgment and
Instruction in Civil Aviation Pilot Training. Interim Report, DOT FAA
77 WA-3920, University of Illinois, Willard Airport, Savoy, Illinois,
1977.

Kirkham, W. R., W. E. Collins, P. M. Grape, J. M. Simpson, and T. F.
Wallace: Spatial Disorientation in General Aviation Accidents. FAA
Office of Aviation Medicine Report No. FAA-AM-78-13, February 1978.

Lategola, M. T., V. Fiorica, C. F. Booze, and E. D. Folk: Comparison of
Status Variables Among Accident and Non-Accident Airmen from the Active
Airman Population. FAA Office of Aviation Medicine Report No. FAA-AM-70-

18, December 1970.

Levine, J. B., J. D. Lee, D. H. Ryman, and R. A. Rahe: Attitudes and
Accidents Aboard an Aircraft Carrier. AVIATION, SPACE, AND ENVIRONMENTAL
MEDICINE, 47:82-85, 1976.

Lewis, S. T.: Human Factors in Air Force Aircraft Accidents. AVIATION,
SPACE, AND ENVIRONMENTAL MEDICINE, 46:316-318, 1975.

69




49.

50.

51.

52.

53..

54.

55.

56.

57.

58.

59.

Lohmann, D. P.: An Examination of Some Behavioral Correlates of Air
Force Undergraduate Pilot Training Through the Use of the Porter and
Lawler Performance/Satisfaction Model. Air Force Human Resources

Laboratory, Report No. AD-775-043, Brooks AFB, Texas, February 1974.

Lovelace Foundation for Medical Education and Research: Study of
Physiologic and Psychologic Aging in Pilots. Unpublished manuscript,
Albuquerque, New Mexico, 1969.

McGrevy, D. F., and L. D. Valentine, Jr.: Validation of Two Aircrew
Psychomotor Tests. Personnel Research Division, Air Force Human
Resources Laboratory, Report No. AFHRL-TR-74-4, Brooks AFB, Texas,
January 1974,

Meyer, R. P., J. I. Laveson, and N. S. Weissman: Behavioral Taxonomy of
Undergraduate Pilot Training Tasks and Skills: Executive Summary. Air
Force Human Resources Laboratory, Report No. AFHRL-74-33(1), Air Force
Systems Command, Brooks AFB, Texas, December 1974.

Miller, R. E.: Development and Standardization of the Air Force Officer
Qualifying Test Form M. Personnel Research Division, Air Force Systems
Command, Report No. AFHRL-TR-74-16, Lackland AFB, Texas, March 1974.

Miller, R. E.: Interpretation and Utilization of Scores on the Air Force
Officer Qualifying Test. Personnel Research Division, Air Force Human

Resources Laboratory, Air Force System Command, Report No. AFHRL-TR-69-
103, Lackland AFB, Texas, May 1969.

Mohler, S. R.: Functional Aging: Present Status of Assignments

Regarding Airline Pilot Retirement. AEROSPACE MEDICINE, 44:1062-1066,
1973. '

Moreau, H., and M. Duffaut: Notions Actuelles sur la Selection Psycho-
logique du Personnel Navigant. REVUE DE MEDECINE AERONAUTIQUE ET
SPATIALE, 49:42-46, 1973.

Nesselroade, J. R., K. W. Schaie, and P. B. Baltes: Ontogenetic and
Generational Components of Structural and Quantitative Change in Adult
Cognitive Behavior. JOURNAL OF GERONTOLOGY, 27:222-228, 1972,

Neubert, C. G.: Anforderungsanalyse fuer das Training im Wolken-Hoehen-
flug. XII. Conference of the Western European Association for Aviation
Psychology, Tegernsee, Germany, September 19-23, 1977.

Nunnally, J. C.: Research Strategies and Measurement Methods for Inves-
tigating Human Development. In Life-Span Developmental Psychology,
Methodological Issues, J. R. Nesselroade and H. W. Reesc (Eds.), New York

and London, Academic Press, 1973.

70



60.

61.

62.

63.

64,

65.

66.

67.

68.

69,

70.

71.

Orford, R. T., and E. T. Carter: Preemployment and Periodic Physical
Examination of Airline Pilots at the Mayo Clinic, 1939-1974. AVIATION,
SPACE, AND ENVIRONMENTAL MEDICINE, 47:180-184, 1976.

Papalia, D. E.: The Status of Several Conservation Abilities Across the
Life-Span. HUMAN DEVELOPMENT, 15:229-243, 1972.

Pokinko, P., and J. Terelak: Methods and Results of Research on
Perceptual and Decision-making Processes in Pilots Under Laboratory
Conditions. In Ergonomics in Aviation. Proceedings of the First
National Scientific Technological Conference, Warsaw, Poland, March 7-
19, 1975. '

Ramacci, C. A.: Flight Fitness and Psycho-Physiological Behavior of
Applicant Pilots in the First Flight Missions. AGARD-CP-153, AGARD-NATO
Aerospace Medical Panel Specialists Meeting, Pozzuoli (Naples), Italy,
September 16-20, 1974.

Ricketson, D. S., S. A. Johnson, L. B. Branham, and R. K. Dean:
Incidence, Cost and Factor Analysis of Pilot-Error Accidents in U.S.
Army Aviation. In Behavioural Aspects of Aircraft Accidents, K. G. G.
Corkindale (Ed.), AGARD-CP-132, CP-1, 1973. '

Ronden, J.: Selection and Training of Fighter Pilots in the Royal
Netherlands Air Force (Part 2). In Aviation Psychological Research,

F. Gubser (Ed.). Reports of the 8th Conference for Aviation Psychology,
Zurich, Switzerland, September 2-5, 1969.

Sanders, M. G., and M. A. Hoffman: Personality Aspects of Involvement
in Pilot-Error Accidents. AVIATION, SPACE, AND ENVIRONMENTAL MEDICINE,

48:186-190, 1975.

Sanders, M. G., M. A. Hoffman, and T. A. Neese: Cross-validation Study
of the Personality Aspects of Involvement in Pilot-Error Accidents.
AVIATION, SPACE, AND ENVIRONMENTAL MEDICINE, 47:177-179, 1976.

sanford, A., S. Griew, and L. 0'Donnel: Age Effects in Simple Prediction
Behavior. JOURNAL OF GERONTOLOGY, 27:259-264, 1972.

Sanford, A. J., and A. J. Maule: The Concept of General Experience:
Age and Strategies in Guessing Future Events. JOURNAL OF GERONTOLOGY,
28:81-88, 1973.

Schaie, K. W.: Translations in Gerontology - From Lab to Life:
Intellectual Functioning. AMERICAN PSYCHOLOGIST, 29:802-807, 1974,

Schaie, K. W., and K. Gribbin: Adult Development and Aging.

In
‘Rosenzweig, M. R., and L. W. Porter (Eds.), ANNUAL REVIEW OF PSYCHOLOGY,

26:65-96, 1975.

71




72.

73.
74.
75.
76.
77.
78.
79.
80.

81.
82.
83.

84.

Schonfield, D.: Translations in Gerontology - From Lab to Life:
Utilizing Information. AMERICAN PSYCHOLOGIST, 29:796-801, 1974,

Shannon, R. H., and W. L. Waag: Human Factors Approach to Aircraft
Accident Analysis. In Behavioural Aspects of Aircraft Accidents,
K. G. G. Corkindale (Ed.), AGARD-CP-132, CP-2, 1973.

Shannon, R. H., and W. L. Waag: Toward the Development of a Criterion
for Fleet Effectiveness in the F-4 Fighter Community. AEROSPACE
MEDICINE, 44:453-455, 1973.

Shannon, R. H., W. L. Waag, and J. C. Ferguson: New Approach to
Criterion Development in the Replacement Air Group. AEROSPACE MEDICINE,
44:557-559, 1973.

Shriver, B. H.: Age and Behavior: A Study of the Effects of Aging on
Aircrew Performance. USAF School of Aviation Medicine, Project No.
21-0202-0005, Ref. No. 3, 1953.

Shuckburg, J. S.: Accident Statistics and the Human Factor Element.
AVIATION, SPACE, AND ENVIRONMENTAL MEDICINE, 46:76-79, 1975.

Smode, A. F., A. Gruber, and J. H. Ely: The Measurement of Advanced
Flight Vehicle Crew Proficiency in Synthetic Ground Environments. Aero-
space Medical Research Laboratory, Report No. MRL-TDR-62-2, Wright-
Patterson AFB, Ohio, 1962.

Spieth, W.: Slowness of Task Performance and Cardiovascular Diseases.
In Behavior, Aging and the Nervous System, A. T. Welford and J. Birren
(Eds.), Springfield, Illinois, C. C. Thomas, 1965.

Stanley, M. D.: A Method for Developing a Criterion for Combat Perform-
ance of Naval Aviators. Report No. AD-765 679, Naval Postgraduate
School, Monterey, California, June 1973.

Steininger, K.: Eignung und Tauglichkeit zum Flugzeugfuehrer.
AERZTLICHE PRAXIS, 28:3668-3672, 1976.

Survillo, W. W., and R. E. Chilter: Vigilance, Age and Response Time.
AMERICAN JOURNAL OF PSYCHOLOGY, 77:614-620, 1964.

Szafran, J.: Age Differences in Sequential Decisions and Cardiovascular
Status Among Pilots. AEROSPACE MEDICINE, 36:303-310, 1965.

Teerink, F. J. B.: Selection and Training of Fighter Pilots in the Royal
Netherlands Air Force (Part I). In Aviation Psychology Research. Reports
of the 8th Conference for Aviation Psychology, Zurich, Switzerland,
September 2-5, 1969.

72



85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Theologus, G. C., T. Romashko, and E. A. Fleishman: Development of a
Taxonomy of Human Performance: A Feasibility Study of Ability Dimen-
sions for Classifying Human Tasks. Technical Report No. 5, American
Institute of Research, Washington, D.C., 1970.

Tormes, F. R., and F. E. Guedry, Jr.: Disorientation Phenomena in
Naval Helicopter Pilots. AVIATION, SPACE, AND ENVIRONMENTAL MEDICINE,
46:387-393, 1975.

U.S. Army-Air Force Aviation Psychology Program, Vol. 2 through 13.
U.S. Government Printing Office, Washington, D.C., 1947.

United States of America Civil Air Regulations Amendments 40-22, 41-29,
and 42-24. Federal Regulations Document 59-10302, Washington, D.C.,
December 1, 1959.

Valentine, L. D., Jr.: Navigator-Observer Selection Research:
Development of the New Air Force Officer Qualifying Test Navigator-
Technical Composite. Personnel Research Division, Air Force Systems
Command, Report No. AFHRL-TR-77-36, Lackland AFB, Texas, May 1977.

Van der Laan, F. L.: Vestibular Habituation in Experienced Pilots.
24th International Congress of Aviation and Space Medicine, Johannesburg,
South Africa, October 24-29, 1976.

Verra, G., J. Martin, J. P. Crance, and M. Boulange: La Motivation chez
les Pilotes d'Aviation Legere I: Nature de la Motivation et Causes des
Pertes de Motivation. REVUE DE MEDECINE AERONAUTIQUE AT SPATIALE,
54:85-88, 1975.

Wagner, F.: Development of Standardized Procedures for Defining the
Requirements of Aircrew Jobs in Terms of Testable Traits. School of
Aviation Medicine, ASAF, Project No. 21-29-010, 1951.

Weislogel, G. S.: General Aviation Pilot Operations. Society of
Automotive Engineering, Business Aircraft Meeting, Report No. 730334,
Wichita, Kansas, April 3-6, 1973,

White, R. T.: Task Analysis Method: Review and Development of
Techniques for Analyzing Mental Workload in Multiple-Task Situations.
Douglass Aircraft Company, Long Beach, California, Ref. No. MDC 5291;
IRAD Technical Report DAC-26-71-R217, 1971.

Witt, H.: Probleme der Validierung von Flugzeugfuehrern -
Eignungstests. In Avidtion Psychological Research, F. Gubser (Ed.),
Reports of the 8th Conference for Aviation Psychology, Zurich,
Switzerland, September 2-5, 1969.

73




96.

A-3.

A-5.

Wohlwill, J. F.: The Study of Behayioral Development. New York and
London, Academic Press, 1973.

Additional Related Reports Concerning the Aircrew and
Airman Classification Test Battery

Dailey, J. T.: Development of the Airman Classification Test Battery.
Headquarters, Air Training Command, Research Bulletin 48-4, Barksdale
Air Force Base, Louisiana, November 1948.

Dailey, J. T., and D. B. Gragg: Postwar Research on the Classification
of Aircrew. Air Training Command, Human Resources Research Center,
Research Bulletin 49-2, Lackland Air Force Base, Texas, November 1949.

Dailey, J. T.: Conference on Revision of the Aircrew Classification
Battery. Air Training Command, Human Resources Research Center,
Conference Report 51-2, Lackland Air Force Base, Texas, June 1951.

Fruchter, B.: The Factorial Content of the Airman Classification
Battery: I. Factor Analysis of 1948 Normative Survey Battery. Air
Training Command, Human Resources Research Center, Research Bulletin
49-1, Lackland Air Force Base, Texas, November 1949.

Wrigley, C., J. E. Morsh, and R. Twery: A Factor Analysis of the Air
Force Factor Reference Battery I. Air Force Personnel and Training
Research Center, AFPTRC-TN-56-137, Lackland Air Force Base, Texas,
December 1956.

#U.S. GOVERNMENT PRINTING OFFICE: 1978-261-264/102

74



